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XVIII.—On Steam and Brines. By J. Y. BUCHANAN, F.K.S.
(Read 20th June 1898.)
The immediate purpose of the present research was the investigation of the tempera-
ture at different pressures of boiling mixtures of steam and salts, analogous to the
well-known freezing mixtures of ice and salt.
When steam is blown through common salt in coarse powder, it condenses to water,
which dissolves some of the salt, and the resulting brine is kept boiling by the arrival of
more steam. The temperature of this boiling mixture is quite constant so long as there is
an abundant supply both of steam and of salt, and as the atmospheric pressure does not
change, it is about 8*5° C. above the temperature of boiling water when the barometric
pressure is the normal of 760 mm. When the barometric pressure is 560 mm. this excess
has fallen to 8*0° C. Most other salts behave in a similar way.
The investigation was not confined to the determination of the temperature of the
boiling mixture of steam, brine, and salt; the experiments were continued after all the
salt was dissolved, and the passage of the steam was interrupted from time to time, and
the weight of steam condensed and the temperature of the liquid observed, so as to give
the concentration and the boiling temperature of solutions of the salt of different
strengths. This part of the work, namely, passing steam through nonsaturated solutions,
was in continuation of work begun immediately after the publication of my paper, " On
Ice and Brines," in the Proceedings of the Royal Society of Edinburgh, 1887, vol. xiv.
page 129. It is well known to all those who have tried it that it is impossible to produce
pure ice by freezing a saline solution, and the purpose of the research reported in the
above paper was to ascertain whether the salt, from which the ice could not be entirely
freed, was an essential part of the ice, or only an inseparable adherent to it. The latter
was shown to be the case, and the ice, or crystalline body which freezes out of a saline
solution, to be really ice and nothing else, by showing the identity of the temperature
at which snow or pure pounded ice of independent source melts in a saline solution, and
that at which ice forms on freezing a saline solution of the same nature and concentration.
It was natural to pass from the freezing to the boiling temperature of solutions, and
to use the temperature at which steam condenses in the solutions as a measure of their
boiling temperature in the same way as the melting temperature of ice had been used
for indicating the freezing temperature. It had also the advantage that no preliminary
investigation was necessary. There was no doubt that the steam produced by a boiling
saline solution was pure steam, there was no doubt about the temperature of the boiling-
solution from which the steam proceeded, and there was equally little doubt that the
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steam so proceeding had the same temperature as the boiling solution, because when
steam is blown into such a solution it is condensed until the solution has been heated to
its boiling point. If the solution can condense outside steam,it necessarily must be able
to condense its own steam, for the two substances are identical. If the bulb of a ther-
mometer is immersed in brine boiling over a flame, it is irregular in its readings. The
irregularities are due to superheating of the liquid consequent on the adhesion of the
solution to the glass or metal. The ebullition is never quite regular, and the reading of
the thermometer varies, showing a fall of temperature when steam is coming off freely,
and a rise when there is intermission. It is very difficult in this way to obtain
exact observations of the boiling temperature of a solution, or indeed of pure water.
On the other hand, it is very easy to get results of any desired degree of exactitude
by using an abundant current of saturated steam to boil the water or brine. Over-
heating is impossible, and bumping equally so. A thermometer of any degree of deli-
cacy may be used; there is never any room for doubt that its temperature is, to the
minutest fraction of a degree, the same as that of the boiling liquid, and the value of
the observation thus depends only on the trustworthiness of the instrument. In the
paper on " Ice and Brines " above referred to, it was pointed out that the melting point
of ice in brines of determined nature and strength could be used as fixed points on the
thermometric scale, in the same way as the melting temperature of ice in pure water
is habitually used. Similarly the condensing temperature of steam in saline
solutions forms a ready means of fixing exactly certain points above the ordinary
boiling point of water. Also the minimum temperature, or cryohydric point, of freezing
mixtures is very useful, many of them being as well defined as the melting point of
ice in water.
Our boiling mixtures occupy a similar position with respect to the boiling point of
water that the freezing mixtures do to its freezing point. In freezing mixtures the dry
salt is mixed with pounded ice or snow ; if the mixture is properly made, the tempera-
ture falls at once to the true minimum, and remains quite steady for a great length of
time. In boiling mixtures the dry salt is placed in a U-tube of special dimensions, to
be described presently, and steam is passed into it by one leg, while the other leg carries
the thermometer, and the surplus steam escapes through a side tube. The supply of
steam must be abundant, while the exit tube for the steam must be sufficiently wide to
make it impossible for the steam, after it has passed through the mixture of salt and
brine, to have a pressure above that of the atmosphere into which it exhausts. From
the time when enough steam has condensed to form a more or less liquid magma
through which the steam bubbles, the mass is kept thoroughly well mixed, and the ther-
mometer keeps the temperature with absolute steadiness until so much steam has con-
densed and so little solid salt remains that it cannot be assumed that every particle of
steam condensed can immediately find a particle of salt to dissolve. Then the tempera-
ture begins to fall in the same way as that of a freezing mixture begins to rise. Operat-
ing in this way it is possible to obtain definite and perfectly constant temperatures with
STEAM AND BRINES. 531
most of the ordinary soluble* salts of the laboratory. They are, however, not all equally
o"ood, and there are some that are of no use for boiling mixtures.
The effect produced when steam meets a salt depends on the properties of the salt,
especially on its solubility in boiling water and on the thermal effect of its solution.
Generally speaking, the greater the solubility of the salt the greater is the elevation of
the condensing point of steam which it produces. At ordinary temperatures salts
commonly dissolve in water with absorption of heat, which tends to increase the
condensation of steam. The absorption of heat may be so great that the brine produced
by the salt dissolving in the condensed steam is unable to rise to its boiling point until
all the solid salt has disappeared.
Amongst anhydrous salts nitrate of ammonium is a good example of this. An
experiment was made wTith 60 grammes of the salt. In 2^ minutes after the steam
reached the salt it was all dissolved, and the temperature barely rose to that of boiling
water. Twelve grammes of steam had been condensed.
Of salts containing water of crystallisation, acetate of soda is a good example amongst
those which dissolve with great absorption of heat. Sixty-two grammes of this salt
treated in the same way as the nitrate of ammonium were completely dissolved in 2^-
minutes after the steam reached the salt, and the temperature had only reached 60° C.
These and similar salts are not suitable for boiling mixtures.
The following are one or two examples of the solubilities observed at the boiling
point of the saturated solution for one-fifth gramme in molecule of each sa l t :—
Salt Used. NaCl. KCL BaCl2. (NH4)2SO4.
Temperature of Condensation i water, 100*44° C. 100'44° 99-95° 99-40°
of Steam on (salt, . . 108'98° 108*94° 104*46° ]07'03°
Weight of Steam Condensed for complete
solution, . . . grms., 29'9 25*9 64-0 25
The least soluble of these salts is chloride of barium, requiring 64 grms. of condensed
steam for solution, and the most soluble is sulphate of ammonium, which requires only
25 grms.
Apparatus and Method of Experimenting.—The apparatus, fig. 1, consists of
the lamp, A, the steam generator or boiler, B, the U-tube or receiver, D, and the
connecting tube, G. In the laboratory a gas lamp was used, except when it was
wished to check the results by the fuel consumed, when a spirit lamp was used,
and it was weighed before and after the experiment. In the experiments at
high levels, where gas was not available, spirit was used. The lamp employed
was one of a French pattern, and forming a part of the Eechand d double flamine force'e
of smallest size, which has a large sale for domestic purposes. It is the most
efficient pattern of spirit lamp with which I am acquainted, and as it is especially con-
structed for use in travelling, it was very suitable for my high-level work. It holds
about 250 c.c. of spirit.
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The steam generator or boiler, B, used at high levels, was a flask made of spun
copper and of 500 c.c. capacity. A suitable charge is 300 c.c. of water. With such a
charge, and heated by the French lamp, the water boiled in six minutes, with a con-
sumption of 12 grammes of spirit. While keeping steam at the rate suitable for the
experiment, the lamp consumed 21 grammes of spirit in fifteen minutes, and evaporated
L....E
FIG. 1.
92 grammes of water. For experiments in the laboratory I use a large copper flask
of 2 litres capacity. This is a very convenient laboratory vessel. They are manu-
factured to replace the glass flasks of Napier's coffee machines for use in restaurants, and
they can be had in larger sizes. A copper flask can always be obtained at short notice
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from a plumber, by getting him to fit a neck to one of the copper balls which are used
as controlling floats for cistern taps. These are to be had of all sizes up to 10 inches
diameter, and are very cheap.
The receiver, C, has the appearance and shape shown in the fig. The actual dimen-
sions are variable, according to the quantity of salt on which it is proposed to operate,
and according to the length of the thermometer. The working part of the thermometer
must be entirely within the receiver. The uncertainty caused by the exposure of any
part of the stem occupied by mercury stultifies the use of very delicate instruments.
If the whole range of the thermometer is to be utilised, then the length of the receiver
must be such as to take the. whole thermometer. The two thermometers which I used
in all my experiments differed slightly in length, and it was convenient to have a
receiver made for each. Of course the longer thermometer could be used with the
shorter receiver, so long as the temperature to be observed was not too high. One
receiver which I have used much has the following dimensions :—Total length of the
body of the tube, from the entrance, a, of the steam tube at the bottom to the top, c,
where the thermometer, F, is retained by a perforated cork, is 30 cm. ; the length, a b, of
the body for the reception of the salts and brine is 16 cm., and its diameter 42 mm.
The length of the neck, be, is 14 cm. and diameter 13 mm. The steam exit tube, d,
has a diameter of 7 mm., and the entry or connecting tube, e, has the same or a slightly
less diameter. The entry tube is bent up parallel to the main body of the instrument,
and is connected with the boiler by a tube, G, as shown in the fig. The steam tube, C,
on the boiler is important. The straight portion which enters the boiler should have a
diameter of 8 to 9 mm. Its upper part, which is fitted with a cork, should have a
diameter of not more than 7 or 8 mm. Steam is kept constantly in the boiler, and
connection with the receiver is made or broken instantly by inserting or removing the
cork. The most convenient support for the receiver, whether it be used m or out of
the laboratory, is an ordinary tumbler or drinking glass. The tube rests on a piece of
cork, grooved to take the bend of the tube, and it is steadied by a ring made of a piece
of india-rubber tubing. This form of support has many advantages. In the first
place, the apparatus has great stability; then the glass is transparent, and it is essential
to be able to see the boiling mixture during the whole course of the experiment; also,
while being transparent, the glass protects the receiver from excessive loss of heat.
In the experiments to be reported, the principal thing to be observed is the differ-
ence between the temperature of pure saturated steam and the temperature produced
by the condensation of this steam in the mixture of salt and brine. It is, therefore, of
equal importance to observe accurately the temperature of pure saturated steam as to
observe that of the boiling mixture. The same apparatus suffices for both purposes.
Before charging, and being clean and dry, the receiver is connected with the boiler, and
steam blown through it. Some of it condenses and collects at the bottom of the
receiver, forming a pool of distilled water boiled by steam, the steam produced by which
is perfect for the purpose. As the division marking 100° C. is usually some way down
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the stem, the thermometer is preferably pulled up, so that the bulb is entirely in the
steam. The steam so produced in an apparatus of the proportions described, must be
truly saturated steam of the tension equal to the actual barometric pressure, and must,
therefore, have exactly the temperature which corresponds to this pressure. This is
the temperature of steam condensing on pure water.
The supply of steam is abundant, and the latent heat of steam is very great; the
thermometer, therefore, must take, in a very short time, exactly the temperature of the
steam with which it is completely surrounded. The thermometer may be constructed
so that a millimetre on the stem corresponds to a hundredth or a thousandth of a degree.
Its indication will be perfectly steady, provided that the conditions remain unchanged.
The slightest change in the barometric pressure makes itself at once apparent, and at
all times, especially during unsettled weather, the temperature of saturated steam must
be observed at frequent intervals.
It is convenient to have a separate apparatus for this purpose. If we imagine the
receiver, C, with the entry tube at the bottom straight instead of bent, so that it can
take the place of the T tube in the boiler, we have a perfect apparatus for determining
the temperature of saturated steam and consequently also for fixing the point correspond-
ing to 100° C. on the scale of the thermometer. It is assumed that the steam tube
is large enough to take the whole working part of the thermometer. It is unsuitable
in itself or to the steam generator used if the steam makes its exit with an audible
sound. Tenths of a Centigrade degree are then uncertain. Yet it is essential that
there should be an abundant flow of steam through the tube; therefore, the exit tube
must be sufficiently wide to allow the steam to issue in a stream of good volume, and
must not be so wide as to incur any risk of regurgitation of air. Again, the entry
tube for the steam must not be too narrow. It is not essential, but it is very con-
venient, that it should be so wide that the steam condensed on the walls and flowing
back into the boiler should continue to flow down the sides of the entry tube and
not collect at the bottom of the wide part of the tube. When the steam proceeds
along a short straight passage from the boiler to the steam tube, it throws about any
water in a violent and inconvenient way. In a tube which I use for this purpose the
entrance tube has a diameter of 9 mm. and the exit tube 10 mm. The entry tube is thus
wide enough to permit the condensed steam to flow back along its sides; at the same
time, it is smaller than the exit tube, so that, apart from the continual condensation of
a portion of the steam, there is no danger of the tube receiving more steam than it
can freely get rid of.
That an apparatus such as that here described does, in fact, exclude the possibility
of the steam supplied having a tension which differs at all from the pressure of the
atmosphere with which it exhausts, will be evident from the following experiments.
The small copper flask, the spirit lamp, and the steam tubes above described were
used. The thermometer was divided into fiftieths of a degree Centigrade, the length
of one degree being 35 mm. The atmospheric pressure happened to be pretty high, and
-,yruand I
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when the thermometer had taken the temperature of the steam the top of the mercury
was exactly even with the centre of the line on the scale marking 100'18° C. It
occupied this position when steam was being generated at its highest rate of 8*4
grammes per minute. The flame of the lamp was reduced by degrees until it reached
its lowest point, when steam was being generated at the rate of 2*4 grammes per
minute. 11 was then issuing continuously, that is, there was no regurgitation, but it
partook more of the nature of an exhalation than of a stream ; yet the mercury
remained exactly on the centre of the line of 100*18°, and it was only when the lamp
had been reduced to its very lowest that it could be said to have fallen to the lower
edge of the line. The temperature then indicated by the thermometer was not lower
than 180*179° C. When the reading of such a thermometer remains unaltered while
the supply of steam is varied in the proportion of nearly four to one, the efficiency of
the steam tube may be said to be perfect.
A further condition affecting the usefulness of these tubes is that they and the
thermometer shall be perfectly clean. The thermometer is the most liable to contamina-
tion, and I generally found it convenient to wash it with soap and water before every
experiment. The steam which condenses on the thermometer and on the inside of the
tube should do so in a film and not as a dew, and it does so if the surfaces are perfectly
cleau. The inside of the tube is more difficult to deal with than the outside of the
thermometer. On the other hand, when once cleaned it remains clean much longer.
Soap is used here also, and the best way of using it is to smear the inside of the
upper part of the tube with soap, preferably soft soap. Steam is raised, and so soon
as it reaches the soap it condenses and forms a uniform film of solution which drains
down back into the boiler and by continuing to boil the steam condensing washes
the inside walls quite clean from everything, and for a considerable time afterwards
there is no trouble about the steam condensing in the tube as dew. If the boiler has
been charged for this operation with distilled water, there is the disadvantage that it
immediately primes, and the steam, instead of washing down the sides of the tube,
continues to blow soap bubbles at its upper end, without washing the tube. I
always use ordinary tap water, which supplies equally pure steam with distilled
water, but it has this advantage, that when the soap solution drains back into
it, being in comparatively small quantity, it is immediately precipitated by the
earthy ingredients of the water, which continues to supply pure steam without
priming.
Attention to these small matters is all-important, not only in order to secure
accuracy but also comfort in experimenting.
Thermometers.—Two thermometers were used for these experiments, both made
especially for me by Mr Hicks, of Hatton Gardens. One of them, A, was intended for
use at ordinary levels; the scale was in Fahrenheit's degrees, and ranged from 210° F.
to 240° F. Each degree was divided into tenths, and had a length of 7*2 mm. The
length of a Centigrade degree in this thermometer would thus have been 13 mm., and
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in order that the single divisions should not be too far apart it would have had to be
divided into twentieths of a degree.
The other thermometer, B, was especially made with a view to experimenting on
chloride of sodium at all available heights above the sea. It was graduated into Centi-
grade degrees and tenths, the length of one degree being 10 mm., and the range was
from 85° 0. to 110° C.
By the kindness of Dr Bilwiller, director of the Central Meteorological Office of
Switzerland, I was able to compare the indications of this thermometer in saturated
steam at different heights with the temperatures which it ought to have shown, on the
basis of the atmospheric pressure as given by the barometers of the central bureau at
different stations. For higher temperatures it was verified in terms of the standard
barometer of the Scottish Meteorological Society in Edinburgh, which was obligingly
put at my disposal by Dr Buchan. The following are the readings in the order of
height :—
Locality.
Height above sea, . . . . metres,
Barometer, at 0° C, . . . mm.,
Observed temperatures, . . . . .
Calculated do.,
Correction,
Julier.
2244
581-84
9286° C.
92-69°
- 0 1 7
Sils.
616-4
94-38°
94-24°
- 0 1 4
Zurich.
720-3
98-62°
98-51°
- 0 1 1
Edinburgh.
76418
100-23°
100-16°
-0-07
Thermometer B was compared at Kew, giving corrections amounting in the extreme to
0*2° F. All the observed temperatures have been corrected accordingly.
The General Order of the Experiment.—The temperature of saturated steam was
determined in the straight steam tube. The U-shaped receiver being clean and dry, was
weighed. The portion of salt, usually one-fifth of a gramme-molecule, was weighed out
carefully into the receiver, which was then again weighed for the purpose of afterwards
arriving at the weight of the condensed steam. The weight of the receiver, both empty
and charged, includes that of the thermometer and its attachment. When steam is issuing
from the boiler at the top of the T tube, the receiver is connected with it, as shown.
The top of the T tube is now closed with the cork, and the passage of steam through the
salt begins. The time is noted when the steam reaches the salt, and this is the begin-
ning of the experiment, and the time is logged as a part of every entry in the note-book.
It is particularly noted when the mass in the receiver forms a liquid magma through
which the steam bubbles, when the thermometer attains its maximum, when it begins
to be unsteady, and when steam is shut off. Before reaching the maximum the tem-
perature is noted every half-minute, afterwards every minute, and at the end every half
or quarter minute. When it is judged by the fall of temperature and the quantity
of salt undissolved that these two small quantities compensate each other, the cork is
T h e :
\\\
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removed from the T tube and the operation is interrupted. The receiver is then quickly
disconnected from the india-rubber tube, and suspended from the scale, which is within
arm's reach from the working bench, and the weight ascertained to the nearest deci-
gramme. The receiver is then immediately reconnected with the boiler, the cork
inserted, and boiling recommenced. Steam is passed until the temperature has fallen to
the first attainable whole number of degrees above the temperature of saturated steam,
when it is interrupted, the weight observed and the receiver reconnected, to be again
weighed when the next whole degree is reached, and so on until so much water has col-
lected in the receiver that the steam can no longer be passed through it at a suitable
rate without risk of throwing out some of its contents. The temperature of saturated
steam is now again determined with the thermometer used in the experiments. This
has been determined several times during the experiment in another apparatus and with
another thermometer. This enables the effect of any change in the barometric pressure
to be spread correctly over the time occupied by the experiment. This series of obser-
vations gives the concentration of solutions whose boiling points are higher than that
of pure water by certain definite amounts. The small uncertainty which attaches to
the determination of the concentration of the boiling saturated solution does not affect
that of the less concentrated solution. When the saturated solution has been weighed
and reconnected with the steam generator, it often happens that, however expeditiously
the operation may be performed, some of the salt has crystallised out, and this generally
requires an extra amount of heat, or steam condensed, to redissolve it. Then the boiling
temperature of the solution when saturated is lowered very much by a small dilution,
an effect which diminishes rapidly with increasing dilution.
As result of the series we have the temperature of the saturated boiling solution
and approximately its concentration, also the boiling temperature and exact concentra-
tion of a series of more dilute solutions. When the boiling tube has been emptied
and washed, steam is blown through it until the whole tube is heated up to the
temperature of the steam; it is then quickly disconnected, the water ejected from it,
and air blown through it from the lungs, which in a few seconds dries the inside of the
receiver completely. This is the easiest way to dry the inside of all complicated
glass apparatus. The glass of the apparatus is always sufficiently massive that when it
has been heated to 100° C. it has more than sufficient immediately available heat to
evaporate all the water that will adhere to its surface, and still not fall to such a tem-
perature as to condense moisture from the air of the lungs.
The receiver is immediately ready for another experiment. As above de-
scribed, each experiment must be expected to take from an hour and a half to two
hours.
Steam Condensed in Heating the Apparatus,—When the thermometer is in its usual
experimental position, that is, with its bulb in the middle of the salt and so low down
that it will be immersed in the brine or water whenever enough steam has condensed to
make this possible, and the whole of the working part of the stem is in the steam space,
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it arrives at the maximum temperature almost simultaneously with the first exit of
steam from the apparatus; but that part of the steam tube situated above the exit tube
is not yet thoroughly warmed through, and a little time must be allowed during which
the strength of the steam current increases until it becomes steady. In ordinary cir-
cumstances the apparatus cannot be held to be warmed through in less than 90 seconds,
and, for purposes of heat calculation, we take the initial period of heating to be two
minutes, during which it may be said always to be complete. Experiments made with
boiling mixture tube, weighing with thermometer 239*65 grms., showed the following
results :—
is o i x - . '
Steam condensed,
In time, .
grms.,
seconds,
8-3
85
8-3
90
8-5
100
8-35
90
From these we find the mean amount of steam condensed in the first 90 seconds
8-25 grms. When the steam was passed through for exactly two minutes before
weighing, the following weights of steam were condensed :—9*1, 8*9, and 9*0 grms., or
a mean of 9*0 grms.
For vessels of the same pattern and nearly the same size the quantity of steam
required to heat them or to keep them hot depends simply on the amount of
glass.
Thus, our apparatus weighs 239*65 grms., and may be considered to be all glass. If
the specific heat of the glass be 0*2, then the amount of water thermally equivalent to
it is 48 grms. In order to raise the temperature of 48 grms. water from 15° C. to
100° C, we require 4080 g° C. (gramme-degrees-Celsius), and this can be supplied by
7*61 grms. steam saturated at 100° C, and condensing at 100° C. But the mean tem-
perature of the apparatus during warming may be taken to be 57'5° C, and the 7*61
grms. water formed would, in cooling from 100° C. to 57*5° C, give out 323*4 g° C, a.
quantity which is furnished by the condensation of 0*603 grm. steam at 100° C.
Deducting this from 7'61, we have 7*007, or 7 grammes as the least amount of steam
required to raise the temperature of the apparatus instantaneously to 100° C. In
practice, the operation takes a minute and a half, during which the apparatus is losing
heat at an increasing rate. This is supplied by additional steam condensed. We have
seen that the steam condensed in two minutes is 9*0 grms., and in l i minutes 8*25 grms.,
giving 0*75 grm. of steam condensed in half a minute, or 1*5 grms. in one minute after
the whole apparatus has taken the temperature of 100° C. The mean temperature
during heating has been taken as 57*5° C, so we may take the rate of cooling at ^ of
the above rate, or equivalent to the condensation of 0*9 grm. steam per minute, or of
1*35 grms. for \\ minutes. Adding this to 7 grms., the weight of steam required for
instantaneous heating, we obtain 8*35 grms. as the theoretical weight of steam required
to warm the apparatus under the above conditions. The mean observed amount is 8*25
grms., which may therefore be accepted with confidence. Also, we may confidently
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calculate the amount of steam required to warm another apparatus of the same type on
the basis of its weight.
In order to determine more carefully the amount of steam required to keep the
apparatus at a temperature of 100° C. during some time, two experiments were made,
the apparatus being dry and cold to begin with. In the first, steam was passed through
for 12 minutes, when 22*2 grms. were condensed ; in the second, the steam was passed
for 32 minutes, when 50*8 grms. were condensed. Allowing that in each case 9 grms.
of steam were condensed in the first two minutes, we have 13 2 grms. condensed in 10
minutes, and 41'8 grms. in 30 minutes. The first is at the rate of 1*32 grms. per
minute, and the second at the rate of 1*39 grms. per minute, or a mean of 1*35 grms.
per minute.
Experiments of a similar kind were made with \ NaCl, or 11*7 grms. of this salt in
the tube to begin with. Two minutes were sufficient for heating up to 100° C. In two
experiments the amounts of steam condensed were 9*8 and 9 6 respectively, giving a
mean of 9*7 grms. In a similar experiment, where the passage of steam was not
stopped until the salt was all dissolved, which took 16 -^ minutes, the steam condensed was
31*5 grms. Deducting 97 grms. we have 21*8 grms. condensed in 14^ minutes, or 1*5
grms. per minute. The rate of condensation is naturally higher, because salt is being dis-
solved. With the apparatus empty at the start, 9'0 grms. steam are condensed in the
first two minutes; with a charge of 11*7 grms. chloride of sodium, 9*7 grms. of steam
are required; the excess, or 0*7 grm., may be taken as the steam condensed by the
NaCl in the two minutes, and as constant for the same amount of NaCl in other
apparatus.
The boiling tube used in all the experiments up to 26th October 1897 weighed,
with thermometer, 157'3 grms. This would require 5*5 grms. of steam in order to raise
it to 100° C, and the heating would be complete in one minute instead of in one and a half
minutes as with the apparatus weighing 239 grms. Allowing l#0 grm. for the amount
of steam condensed in the next minute, we should have, after two minutes, 6'5 grms. steam
condensed. Where ^ NaCl was used, we should have to add 0*7, and the amount thus
condensed at the end of the first two minutes would be 7*2 grms. The rate of con-
densation per minute, after the first two minutes, would be f 1*35 or 0*9 grm., and
adding 0*15 for the chloride of sodium, we have 1*05 grms. per minute, taking 30*4
grms. as the amount of steam required to be condensed for ^ NaCl.
Localities ivhere Experiments ivere Made.—The lowest station, and the one
representing the sea level, was my laboratory in Edinburgh: its elevation is about
85 metres, or 279 feet, above the sea. Although a large number of experiments
in this field had been made in the course of previous years, those utilised for this paper
were all made after my return from Switzerland, with the same apparatus and the
same thermometers that were used there, and with the experiments arranged on the
same plan. Being the last series, it is also the most symmetrical.
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The stations at higher levels are all in Switzerland, and they are as follows in order
of elevation:— *w
Place.
Zurich, . . . .
Fiesch, . . . .
Andermatt,
Pontresina,
Height
above the Sea.
Metres.
410
1054
1444
1820
Feet.
1345
3458
4738
5970
Place.
St Moritz,
Eggischorn,
Julier Hospiz, .
Schafberg (Engadine),
Height
above the Sea.
Metres.
1860
2193
2244
2733
Feet.
6102
7195
7362
8966
Of these places Pontresina, with St Moritz, was the most important. The most com-
plete series of observations on mixtures, as well as on single salts, was made there. A
corresponding series of observations on single salts was made on the Schafberg, which
rises immediately behind Pontresina, and about 900 metres above it. Shelter is
obtained at the top in the cMlet which does duty as a restaurant, and it is approached
by a well made path. Experiments on mixtures of salts could not be made at this
station, because the weather became so persistently bad that the cMlet was closed for
the season early in September.
Of the other places on the list, St Moritz is taken as one with Pontresina, because
the difference of level is less than that corresponding to ordinary fluctuations of the
barometer,
Zurich and Julier Hospiz were visited for the purpose of verifying the thermo-
meters by observing the temperatures of saturated steam, and the barometric pressure
by standard barometers at the same time and place. One or two observations with salts
were made at the same time, but they have only the value of isolated observations.
The boiling mixture of chloride of sodium was observed at all the stations, and it was
the only salt experimented with at Eggischorn, Fiesch, and Andermatt, as at that date
I intended to confine my observations to chloride of sodium alone.
The salts used in this research are the chlorides of sodium, potassium, ammonium,
barium ; the chlorate of potassium ; the nitrates of sodium, barium, strontium, and lead,
and the sulphates of potassium and ammonium. These salts were used singly, and also
in mixtures of not more than two salts each. The charge of the apparatus was usually
one-fifth of a gramme-molecule, but with sparingly soluble salts, such as nitrate of
barium or sulphate of potassium, one-tenth and sometimes one-twentieth of a molecule
were used. A watch, giving minutes and seconds accurately, was observed during all
the experiments. In the case of simple salts the time was noted when the steam
reached the salt, when the salt formed a magma, with the steam condensed, when the
maximum temperature was reached, when it began to fall, and when the passage of
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steam was stopped previous to making the first weighing. These particular epochs
were always noted, but, as a matter of fact, a complete time-log was kept of every
experiment. In experiments with mixtures the temperature was noted every minute,
and often every half-minute, so long as salt remained undissolved. A complete time
record of this kind often furnishes valuable incidental information, and is often useful
in detecting and rectifying errors of observation.
Chloride of Sodium.—The series with this salt is very complete, including sixteen
independent experiments; the atmospheric pressure varied from 550*4 to 772 mm., and
the temperature of saturated steam from 91*2° C. to 100*44° C. The corresponding
temperatures of the boiling mixture ranged from 99*3° C. to 108*98°, so that the elevation
of boiling point caused by saturation with NaCl ranges from 8*1° C. to 8*54° C, or
nearly half a degree Centigrade of increase for a rise of boiling point of the salt solution
of 9*68° C. Roughly, it diminishes 0*05° C. for every degree that the boiling tempera-
ture of the boiling solution falls. The results of the observations in different localities
are collected in Table L, page 551.
If we consider the relation between atmospheric pressure and the vapour tension of
water at the temperature of the boiling mixture, we see that it is practically constant.
The mean of the sixteen values is 0*7435. The average deviation from the mean is
0*0004, and the maximum deviation 0*0009. The mean of the observations made at
Edinburgh is 0*0001 below this. The five observations made at Pontresina and St
Moritz give a mean of 0*0004 above, and the three observations on the Schafberg a
mean of 0*0005 below 0*7435. Taking 0*7439 for the value at Pontresina, the value of
t-T would be 0*015° C. less than when the general mean 0*7435 is used, and on the
Schafberg, using the factor 0*7430, the value of t — T comes out 0*025° C. higher than
with the general mean.
p
Table II. (page 552) has been constructed on the basis that — = 0*7435, and
Po
therefore ^ = 1*345. The barometric pressure, P, is given for intervals of 10 mm. from
790 mm. to 550 mm. The temperature of saturated steam at pressure, P, is given under
T. Under p the vapour tension of water at the temperature of a boiling mixture of
steam and NaCl at barometric pressure, P, is given, where p = 1*345 P. The tempera-
ture of this boiling mixture is found from Regnault's tables connecting the temperature
and pressure of saturated steam, and it is given under t. The difference (t - T) gives
the elevation of the boiling point of saturated NaCl brine above that of pure water at
barometric pressure P.
The figures in this table show that a boiling mixture of steam and NaCl at a known
barometric pressure gives the means of obtaining an independent fixed point on a
thermometer about 8 to 8*5° C. above that furnished by the boiling point of pure water
at the same pressure. In most cases the normal pressure of 760 mm. would be used,
but as the mean pressure in inhabited countries is less than 760 mm., it is convenient to
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be able to use directly the values observed at the existing pressure, and our table affords
the means of doing so, assuming that the readings of our thermometers as corrected are
exact.
In Table III. are given the saturation values for the simple salts. They are arranged
in order of the temperature of the boiling mixture (tQ), and this temperature indicates
quite clearly the locality where the observation was made. The second column contains
the values of £0 —T, from which, with the first column, the values of T are at once
obtained. The third column contains the relative reduction of vapour tension (P°~ \
^ Po '
produced by saturating the water with the salt at its boiling temperature.
The means of the observations at the same heights above the sea are inserted
between lines. .
The case of NaCl has been already discussed. The observations with KC1 show a
p — P
—diminution of the value of
Po
with a fall of barometric pressure, and consequent
fall of boiling temperature. This is observed in all the other salts experimented with,
and depends chiefly, if not wholly, on the diminished solubility of the salt at the lower
temperature. Although, in kind, the effect is the same in all the salts, it varies much in
amount. It is most pronounced in the case of KC1O3, for which the mean values are—
Locality:—
t-T,
Edinburgh.
3-80° C.
0-1250
Pontresina.
3-30° C.
01138
Schafberg
3-06° C.
01078
Po
It is also well marked in the case of NH4C1. This salt also crystallises with great
promptitude so soon as the temperature falls at all. As is well known, salts differ much
in this respect. A large number of cooling observations were made with NH4C1, and
with some of the other salts, and eutectic points were observed, but they are not of suffi-
cient importance for the present research to justify their being printed. The salt which
p — P
appears from the value of l °^ - to vary least in solubility at its boiling point is
(NH4)2SO4, and in this respect it closely resembles NaCl. Nitrate of sodium was
observed only at Pontresina and Schafberg. It could not be observed near sea level with
either of the thermometers used in the investigation. Nitrate of potassium was
excluded altogether from boiling mixtures both because of the great elevation of boiling
point, and on account of the readiness with which it solidifies to a crystalline mass the
moment the temperature begins to fall.
The chief part of the research is contained in Table IV. Three columns are devoted
to each experiment; namely, (*-T) the elevation of the boiling temperature of the
mixture or brine above that of pure water at the same time and place ; W the weight of
steam condensed in the time from the beginning of the experiment until the value of
t-T has become as tabulated ; and W(/ - T ) the product of the corresponding pairs of
• *
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numbers. The experiments are numbered consecutively in the first headline (N), while
under n each line in the table is numbered consecutively from 0 upwards. In this way
any entry in the table can be referred to at once by its co-ordinates (N, n). The second
headline gives the name and quantity of salt taken expressed in gramme-molecules. In
the third headline will be found the temperature of saturated steam, or that of pure
water boiling at the same time and place. The temperature of the boiling mixture or
brine is obtained at once from the values of T and (t — T).
The figure 0 is always used as a suffix when the boiling mixture of steam and salt
or saturated brine is being dealt with. Thus tQ, p0, Wo always represent the tempera-
ture of the boiling saturated mixture, the steam tension of pure water of that tempera-
ture and the dilution of the mixture ; that is, the weight of water exactly saturated by
the amount of salt at temperature tQ. The temperature of the mixture when the steam
was stopped for the first time, and the first weight of condensed steam, W1? ascertained,
is always tv It has already been pointed out that it was the custom to stop the steam
while there were still some particles of solid salt present, and while the temperature of
the mixture showed that there was also already unsaturated water present. The idea
was that the moment might be correctly judged when the amount of free salt present
would be just enough to saturate the amount of free water if time were given. As a
matter of fact, this was in most cases very nearly attained, as will be seen by comparing
the observed values of Wx with the computed values of W2 in the cases where tQ — tr is not •
more than 0*1° to 0*3° C. When this difference is larger, then the passage of steam lias
not been interrupted until all the salt has disappeared. This is the preferable practice.
When any solid salt is present, and the temperature has fallen below the maximum, wer
know exactly the temperature of the boiling brine and the weight of water in it, but as
there is an uncertain proportion of. the salt originally taken which has not passed into
solution, the concentration or dilution of the brine is uncertain. For this reason it has
been impossible in the majority of cases to use tx and Wx in the computation of Wo.
The values of Wo have been arrived at in the following way:—The difference
W2(£-T)2— W3(£ — T)3 is found, also the differences t2 — ts and to — L2, then we as-
sume that
and this value divided by (to — T) gives Wo. Thus in experiment No. 1 on 0*2 KC1,
when T= 100-44° C, we have W2(*-T)2 = 217*6, and W3(*-T)3 = 212*9, their differ-
ence being 4 7 . Also to — t2 = 0*81° C, and U - tz = 1*05°, whence we have
whence
81
=ro5
Wo = 26-30.
It will be seen that the value of Wx is 25*91, and tx - T = 8*28°, only 0*11° C. below
o-T. The passage of steam had therefore been stopped too soon ; there was solid
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KCl present in greater quantity than could in any length of time be dissolved in the
amount of water present. Again, if we look at experiment No. 4, we find the observed
value of W1? 27*25, almost identical with the computed value of Wo, 27*21. Here the
difference, to — tv is 0*2° C. So that, working in the way described,.with chloride of
potassium, when the temperature of condensation of the steam has fallen by 0*2° C, we
should expect to have the amounts of free water and free salt present in compensating
amounts. No. 6 represents a case in which the steam was passed until all the salt was
dissolved, and until the temperature of condensation had fallen by a whole degree.
Here we use W ^ - T ^ and W2(*-T)2 for finding Wo(*-T)o and Wo. If we con-
sider experiments Nos. 1 to 9, it will be seen that the values of Wo in experiments 1 to
3, which were made in Edinburgh, are lower than those found in Nos. 4 to 9, which
were made at high levels, and therefore at lower temperatures, in Switzerland.
It must also be noted that the weight of the salt taken was less exactly ascertained
in Switzerland than in my laboratory in Edinburgh. The Swiss weighings were made
with a pair of hand scales, and were exact to the nearest 0*05 grm., that is to say,
generally to ±0*025 grm. In the Edinburgh experiments quoted in Table IV. the
weights are exact to the nearest 0*01 grm., or to ±0*005 grm. The quantity of salt
usually taken was one-fifth of a molecule in grammes. In the case of KCl, which has a
medium molecular weight, this represents 14*92 grms., and we see that even the roughest
of the weighings would be exact to within less than one-half per cent.
The earlier experiments in Switzerland were not always made with equivalent
weights of the salts; all such cases have been recalculated for this table. While the
usual quantity taken is one-fifth of a gramme-molecule, on some occasions two-fifths
have been taken ; and in the case of sparingly soluble salts as little as one-tenth or one-
twentieth has been taken. The values of W are given for the quantity of salt quoted
in the headline (M). The products have been all reduced to their value for one-fifth
of a molecule salt.
The physical meaning of the expression W(t — T) is important. W is a weight of water
expressed in grammes, and (t - T ) is the excess of the boiling temperature in degrees Cel-
sius of that water, when it holds in solution a certain amount of a given salt, above its boil-
ing temperature when in a state of purity; therefore W(£ — T) expresses, in gramme-
degrees (g° C), the quantity of heat required to be in the water when it is boiling with salt
dissolved in it above what is required when it is pure. If the values of W(£ - T) were
constant for each salt at all dilutions, then the law connecting the dilution of a saline
solution and the elevation of its boiling point would be graphically expressed by a hyper-
bola, like the law connecting the volume and pressure of a gas at constant temperature.
If we look over Table IV. we see that for some salts, and mixtures of salts, the values
of W(t - T) are very nearly quite constant, while for the others, some deviate from con-
stancy in the one sense, and some in the other. In the case of the chlorides of potassium
and of sodium, the values of W(t - T) diminish very considerably as the value of W
increases. The case of ammonium chloride is peculiar, because at the sea level T)
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diminishes as W increases ; at a height of 3000 metres it increases with W, and at a
height of 2000 metres it is sensibly constant. In the case of barium chloride, W(£ — T)
diminishes with dilution ; the same is the case with strontium nitrate and ammonium sul-
phate. Potassium chlorate, barium nitrate, and lead nitrate show W(t — T) increasing with
W, while sodium nitrate and potassium sulphate show almost constant values of W(Z — T)
Mixtures of salts follow the rule of their components. There are several examples in the
table of pairs of salts which individually differ in the sense in which the values of
W(t-T) depart from constancy, and in mixture give constant values of W(Z — T).
Examples are Nos. 63, 70, 71, 72, 73, 78, and 79.
At the beginning of an experiment, when the steam reaches the salt, it condenses
very rapidly owing to abstraction of heat by the glass and by the salt, then it condenses
at a very regular rate, the salt dissolving in proportion as steam is condensed. After a
certain time the exact amount of steam has condensed which is necessary to form a boil-
ing saturated solution of the salt taken ; having observed (£0 —T) and Wo we have'the
value of Wo(£o — T). If the elevation of the boiling point were proportional to the
concentration, this factor Wo(£ — T) would remain constant while the solution was
diluted by further condensation of steam. But if we deny thermal importance to the
salt and consider only the water, then Wo(£o — T) is the heat in the saturated water,
counting from the temperature of pure boiling water. If we prevent it from losing heat
externally, and provide for dilution by furnishing water of exactly the temperature of
pure steam condensing on pure water at the time and place, the saturated water will
mix with the free water, having a resultant temperature depending on the relative
quantities of the saturated and the free water. The case, then, of sodium nitrate, for
instance, in which the value of W(£ - T) is nearly constant, could be represented by
imagining the steam to condense at the temperature of the boiling saturated solution of
the salt so long as solid salt is present, and the condensation temperature of the steam
remains constantly at the maximum. When the solid salt has all disappeared, then the
steam condenses at the temperature at which it condenses in pure water. The two por-
tions of water, the saturated and the free, then mix, giving the resultant temperature,
depending on the relative quantities and on the assumption that the heat of the satu-
rated solution is that which the water present in it would have if it had the same tem-
perature.
In the cases where W(£ —T) is constant, we have Blagden's law of the lowering of
freezing point applied to the raising of the boiling point of saline solutions; both vary
directly with the concentration or inversely with the dilution. But in the case of a
saline solution following Blagden's law, when ice is melted in the saturated solution
already cooled to its freezing point, the solution is diluted and its temperature rises. The
rise of temperature is thus the same as would have been produced if the quantity of ice
which has melted had been added as pure water of 0° C. to the saturated solution at the
initial temperature of its freezing point, and the two had been mixed.
The same is the case, mutatis mutandis, in the condensation of steam by a saline
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solution. If the boiling temperature of the stronger solution be tv and steam be passed
through it until this temperature has fallen to t2, the temperature of steam condensing
on pure water being T, and if the quantity of water in the stronger solution be Wl5 and
in the weaker W2, then we should have
whence
the values of W(£—T) are constant, which is the characteristic of Blagden's law, whether
applied to freezing or boiling. The deviations from Blagden's law in freezing and in
boiling solutions may be attributable to some deviation from the law that the capacity
for heat of a saline solution is the capacity for heat of the water which it contains. It
is easy to obtain from the values of W(t - T) in Table IV. what must be the specific
heat of the sa/turated water which would make W(t — T) constant.
Table V. gives for dilute solutions what Table IV. gives for strong solutions. As the
values of (t-T) are not exactly the same for each salt, the relations of £ - T and
W(£ — T) were expressed by curves and the values of W(£ — T) taken from them
for the same values of t — T for every salt. These values are given in Table VI.
In all the experiments of Table V., exactly one-twentieth of a gramme-molecule of salts
was taken, and the weight was exact to the nearest milligramme, and the experiments
were made in every way alike. Table V. contains no mixtures ; on the other hand,
some simple salts are included which are not found in Table IV. They are LiCl, RbCl,
CsCl, KI, KBr, KNO3, and AgNO3. Both the RbCl and the CsCl were " spectroscopi-
cnlly pure," and the caesium salt was quite pure. The rubidium salt, however, contained
sulphate, and it is struck out in Table VI. The detailed discussion of these results, as
well as of those in Table IV., must stand over to the second part of this paper, but one
or two facts may be pointed out. In the case of salts for which the values of W(t - T)
diminish as dilution increases, a minimum is reached when t — T is something between
07° and 1*0° C, after which it increases in all so that for values of £ - T between 0*5°
and 1*2° the values of W(t - T ) for all these salts is practically constant, and they follow
Blagden's law. In the case of nitrates W(t - T) generally increases with dilution, and a
minimum, if it exist, would have to be sought in solutions saturated under high pres-
sure. Strontium nitrate is an exception ; it has a minimum at 1*0° C.
In Table VII. will be found the values of p, the vapour tension of pure water at the
temperature (t) of the boiling brine, the relative reduction of this tension (— ) pro-
duced by the salt in solution, and the product of this ratio into the weight of steam
condensed (W). The discussion of the contents of this table is deferred.
The discussion of the observations on mixtures is also deferred. It involves a very
large amount of arithmetical work, which will take some time. The behaviour of mixtures
is extremely interesting. In Table IV. we have examples of two distinct types. Of the
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one type, mixtures of the chlorides of potassium and sodium may be taken as an example.
K + Na
For a mixture of equal molecules 0*2—-—Cl t-T is 11*87° C. at sea level, and
W0 = 20'7 grms. The concentration of its boiling mixture is, therefore, 50 per cent,
greater than that of chloride of sodium alone. In other words, a boiling saturated
solution of either KC1 or NaCl has stilt plenty of room for the other.
Mixtures of the nitrates of strontium and lead give an example of another type.
The amount of steam condensed is exactly the sum of the amounts required by the
quantities of the respective salts separately. For Sr(NOf1)2 (t - T ) = 6'53° C, and for
Pb(NO3)2 (*-T) = 3-29. In the mixture Q.2 S r 2 + Pb(NO3)2 a constant value of
£ - T = 5'98° C. is observed for thirteen out of the twenty-five minutes that were
required to dissolve all the salt. Therefore the saturation temperature of the mixture
lies between those of the components. A third type is furnished by a mixture of the
nitrates of strontium and barium. The elevation of boiling point is not as great as
with Sr(NO3)2 alone, and the maximum temperature does not remain constant for even
one minute out of the fifty minutes which were required to dissolve the fifth of a
molecule used. The water required to dissolve this mixture is about 25 per cent, more
than is required to dissolve the salts separately.
The nitrates of strontium, barium, and lead are isomorphous salts, and no doubt are
capable of forming mixed crystals. The chlorides of potassium and sodium, though
both crystallising in the same form, do not form mixed crystals, and therefore do not
eliminate each other from solution.
These few remarks will show the extent of the subject, and also its great interest.
In order to provide a standard of comparison between the effect of dissolved salt
and that of increased pressure upon the boiling temperature of water, we imagine a
quantity of water in a shallow tank kept boiling by steam. The tank is of uniform depth
of 1 centimetre, but it can expand laterally to accommodate condensed steam, the depth
of the enlarged tank remaining uniformly 1 centimetre. In these circumstances the
number expressing the weight, in grammes, of the water, expresses also its volume and
its surface in cubic and square centimetres respectively. Let the initial quantity of
water be W grammes, and let it be at the boiling temperature corresponding to the
atmospheric pressure, A, in kilogrammes per square centimetre (k/c2). If we dissolve a
quantity, say one-fifth, of a molecule in grammes of a salt in this quantity of water, the
temperature can be raised above the boiling temperature, T, of pure water under the
atmospheric pressure, A, and if the quantity, W, of water is exactly sufl&cient to dissolve
the fifth of a molecule salt at its boiling temperature, which is then the temperature of
the boiling saturated solution of the salt under atmospheric pressure, A, which we repre-
sent by t0, then the temperature of the boiling water has been raised from T to t0. Now
this effect could be produced without adding salt by increasing the load pressing upon
the surface, W, of the water. It is already pressed by the weight of the atmosphere A
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kilogr. per square centimetre, or a total weight of WA kilogr. In order to confine the
water so as to admit of its temperature being raised from T to t, we must add to WA
a certain additional load, b kilogrammes, which is found by consulting Regnault's tables
connecting the temperature and tension of saturated steam. In these tables we find
directly the tension, 'po, of saturated steam of temperature t0, in millimetres of mercury,
which is converted into a0 in k/c2. The excess of this above the atmospheric pressure
multiplied by the surface, W, gives the extra load required :
b = W(ao-A),
and this quantity b kilogrammes is the mechanical equivalent of the fifth of a molecule
of salt in so far as the raising of the boiling temperature of water, or the resistance to
steam pressure, is concerned.
In the case of the boiling saturated solution of salt when steam is continued to be
passed through and heat is lost, the solution is diluted by the addition of the condensed steam
to the original quantity, W, of saturated water. This dilution, or addition of pure water
to the saturated water, is accompanied by a fall of the temperature of ebullition, which
is very rapid at first, but becomes slower as the quantity of condensed steam increases,
tending ultimately towards the boiling temperature of pure water at atmospheric pressure.
The more concentrated the solution is, the more accentuated are the specific proper-
ties of the dissolved salt, and they are most pronounced in the saturated solution which
approximates to the condition of the liquefied salt, as the dilute solution approximates to
that of pure water. The specific nature of the dissolved salt shows itself first in the
maximum temperature to which the solvent water can be raised under a given pressure,
and then in the rate of fall of boiling temperature with dilution. Different salts behave
differently in these respects.
The uniformity observed in the physical properties of very dilute solutions is due
in part to our limited powers of perception, and to arithmetical necessity. In propor-
tion as the number expressing the dilution becomes very great it tends to occupy the
whole field of view, and, consequently, to obscure or obliterate the specific properties
of the substance dissolved.
Similarly, in considering the trigonometrical functions of angles, if we limit our con-
templation to very small angles, we can perceive no difference between the sine,
the arc, and the tangent, yet the difference is none the less real on that account.
In our mechanical experiment the excess of pressure of the water at any moment
above that of the atmosphere is =^-, and when this is multiplied by the quantity of water
" n
present, Wn> the product is constantly b. Now b is the equivalent of the salt dissolved,
therefore our mechanical experiment represents the case where the increase of steam
tension, neutralised by the salt, is proportional to the quantity of the salt.
For convenience in reference, the values of the tension of saturated steam, at tern-
etf#'
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peratures from 90° C. to 120° C, expressed in kilogs. per sq. cm., are collected in
Table VIIL, page 572.
In Table IX. we have the case of 100 grms. water in the elastic tank. The
atmospheric pressure is 735*5 mm., or 1 kilogr. per sq. cm. The depth of the tank,
which can be enlarged laterally, is uniformly 1 cm., therefore its volume at the begin-
ning is 100 cub. cms., and its surface is 100 sq. cms. The boiling temperature of pure
water at a pressure of 1 k/cm2. is 99*09° C. The tank is securely covered, and
its temperature raised to 119*57° C, at which temperature the tension of saturated steam
is exactly 2 kilogrs. per sq. cm. Neglecting, or allowing for, any thermal expansion of
the tank and its contents, the area of it has remained the same, namely, 100 cm2. Let
the cover be loaded until its fastenings just become slack, then the surface of the water is
pressed by the loaded cover and by the atmosphere ; the latter oh a surface of 100 cm2.
amounts to 100 kilogrs., and the former makes up the difference between this weight
and 200 kilogrs., because the pressure of the steam at 119*57° C. is 2 k/cm2. There-
fore, our extra load, fe0, is 100 kilogrs., and it may be looked on as the weight of the cover,
which, like the tank, is supposed to be capable of lateral extension of its area without
alteration of weight, keeping pace with the lateral increase of volume and area of the
tank, while its contents are being increased by the condensation of steam.
Let the temperature of the water in the tank be now reduced to 118*03° C, at which
temperature its vapour tension is 1*9 k/cm2., and let steam of this temperature be con-
densed in it. The volume of water in the tank increases while its area expands in the
same ratio, until the weight pressing on its surface is at the rate of 1*9 k/cm2., when
the steam will lift the cover and escape. The weight of the cover has remained con-
stant (=100 kilogs.), but the area exposed to the atmospheric pressure has increased.
The resulting area and volume of water is given by the equation 1-9W= 100 4- W, whence
Again, let the temperature of the water in the tank be reduced to 116*29° C, at
which temperature its vapour tension is 1*8 k/cm2., and let steam of this temperature be
passed into it. It will be condensed until the volume and surface of the water have
increased to such an extent that the total pressure on its surface is* at the rate of 1*8
k/cm2. As before, we find the value of W, when this point has been reached, to be
100
7 ^ = 125, and so on.
In the principal table the pressure is reduced by 0*1 k/cm2. at a time, from 2*0 to
1*1 k/cm2., then by 0*01 k/cm2. down to 1*01 k/cm2., and by 0*001 down to 1*001
k/cm2. The value of W is inversely proportional to the difference of pressure, a - A,
and becomes infinite when a- A = 0. On the other hand, it diminishes rapidly at high
temperatures and pressures, and would become 0 when a- A = oo.
The table is carried upwards to a = 1 0 k/cm2., and downwards to a —1*001 k/cm2.
In these limits the value of W varies from 11*1 to 100,000.
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The temperature of saturated steam rises at a slower rate than its tension. Hence
in our mechanical experiment with pure water, when the area is increased by a given
amount, and the pressure per unit of area is correspondingly' reduced, the consequent
fall of temperature depends on the actual temperature, and is proportional to the
reciprocals of the figures representing the mean difference of tension per degree for the
interval. In the following table we have values of W, each of which is the double of
125
250
500
1,000
2,000
4,000
8,000
16,000
a —A.
0-8
0-4
02
01
0-05
0'025
0-0125
0-00625
t-T.
C.
17-20°
9-62°
514°
2-66°
1-35°
0-68°
034°
017°
Diff.
C.
7*58°
4-48°
2-48°
1-31°
0-67°
0-34°
017°
the one preceding i t ; the concentration is therefore halved in each case and corresponds
exactly with the values of a - A, which give the excess of vapour tension above atmos-
pheric pressure. Under t - T we have the corresponding excesses of temperature above
that of water boiling at atmospheric pressure (99*09° C). In the last column we have
the differences of successive values of (t — T). Did the value of t — T fall in exact propor-
tion to the concentration, then each of these differences should be identical with the
values of t — T opposite it. because the temperature interval should be halved. When
the value of t — T falls below 0*68° C. the interval is apparently halved, and at temper-
atures within half a degree of that of water boiling at atmospheric pressure, the tension
of saturated steam seems to vary proportionately with its temperature; but the differ-
ences which undoubtedly exist occur in places of decimals which are excluded from
the table.
- io
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TABLE I.—Particulars of Boiling Mixtures of Steam and NaCl at different
Elevations.
Locality, .
Date, 1897,.
Elevation in Metres, .
Temp, of boiling
mixture, °C, to°
Temp, of boiling
water, ° C., . T
Difference, °C, to-T
Tension of satu-
rated steam at
tQ, mm., . p0
Atmospheric pres-
sure, mm., . P
P - P
p
Edinburgh.
21st Oct.
80
108-98
100*44
8-54
1039-0
772-0
268-0
0-2570
Edinburgh.
19th Oct.
80
108-56
100-06
8-50
1024-4
761-6
262-8
0-2565
Edinburgh.
15th Oct.
80
107-65
99-21
8-44
993-1
738-8
254-3
0*2561
Zurich.
19th Aug.
410
107-20
98-75
8-45
977-9
726-7
251-2
0*2569
Fiesch.
16th Aug.
1054
105*05
96-71
8-34
908-0
674-9
2331
02567
Andermatt.
18th Aug.
1444
103-82
95-58
8-24
870-0
647-6
222-4
0*2556
Pontresina.
12th Sept.
1820
102-57
94*37
8-20
832-7
619-4
213-3
0-2561
Pontresina.
12th Sept.
1820
102-57
94-37
8-20
832-7
619-4
213-3
0-2561
Locality,
Date, 1897,
Elevation in Metres, .
Temp, of boiling
mixture, ° C, to°
Temp, of boiling
water,0C, . T
Difference, °C, 0^ — T
Tension of satu-
rated steam at
t0, mm., . p0
Atmospheric pres-
sure, mm., . P
ft"?
p-P
V
Pontresina.
17th Sept.
1820
102-32
94-13
8-19
825-4
614-0
211-4
0-2561
St Moritz.
28th Aug.
1860
102-48
94-28
8-20
829-9
617-8
212-1
0-2556
St Moritz.
23rd Aug.
1860
102-10
94-00
8-10
821-9
611-0
210-9
0*2566
Eggischorn.
15th Aug.
2193
101-30
93-12
8-18
796-0
591-4
204*6
0-2570
Julier.
25th Aug.
2244
101-00
92-85
8-15
787-6
585-5
202-1
0*2566
Schafberg.
5th Sept.
2733
99-57
91-47
8-10
748-4
556-0
192-4
0-2571
Schafberg.
31st Aug.
2733
99-54
91-46
8-08
747-6
555*8
191-8
0*2566
Schafberg.
10th Sept.
2733
99-30
91*20
8-10
741-2
550-4
190-8
02574
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TABLE II.—Temperatures of a Boiling Mixture of Steam and Sodium Chloride
at Barometric Pressures from 550 to 790 Millimetres.
Atmospheric
Pressure.
P
Millimetres.
790
780
770
760
750
740
730
720
710
700
690
680
670
660
650
640
630
620
610
600
590
580
570
560
550
Temperature of
Saturated Steam
of Tension P.
T
°C.
101-09
100-75
100-37
100-00
99-63
99-26
98-88
98-49
98-11
97-71
9732
9692
96*51
96-10
95-68
95-26
94-83
94-40
93-96
93-51
93-06
92-60
9213
91-66
9118
Tension of
Saturated Steam
of Temperature t
(1-345 P).
P
Millimetres.
1062-5
1049-05
1035-6
1022-15
1008-7
995-25
981-8
968-35
954-9
941*45
928-0
914-55
901-1
887-65
874-2
860-75
847-3
833-85
S20-4
806-95
793-5
780-05
766-6
75315
739-7
Temperature of
Boiling Mixture.
t
°0.
_ 109-64
109-27
108-88
108-50
108-11
107-72
10732
106-92
106-51
106*10
105-68
105-29
104-83
104-39
103-96
103-51
103-07
102-61
10215
101-68
101-21
100-73
100-24
99-75
9924
Elevation of
B oiling Point.
°C.
8-55
8-54
8-51
8-50^
8-48
8-46
8-44
8-43
8-40
8*39
8-36
8-37
8-32
8-29
a-28
8-25
8-24
' 8-21
8-19
8-17
8-15
8-13 .
8-11 .
8-09
8-06
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TABLE IV.—Temperature of Condensation of Steam OIL Salts
and in their Brines.
No., . . .
Salt, . .
Temp, of Saturated
Steam,
No., .
Salt, .
Temp, of Saturated
Steam,
N.
rM.
T.
n
0
1
2
3
4
5
6
7
8
9
10
11
N.
rM.
T.
n
0
1
2
3
4
5
6
7
8
9
10
11
t-T
8-39
8-28
7-58
6-53
6-02
5k54
5-05
4-56
4-06
3-56
3-06
2-58
1.
0-2 KC
100-44°
w
26-30
25-91
28-71
32-61
34-91
37-31
40-61
44-31
48-91
54-91
62-81
73-31
(3.
1.
C.
W((-T)
220-6
214-5
217*6
212-9
210-1
206-6
205-0
202-0
198-5
195-9
192-2
189-1
0-2 KC1.
94-37°-94-39° C.
t-T
7-87
6-82
5-79
4-78
3-26
2-75
W
26-58
30-04
34-64
4100
58-18
68-43
W(« - T)
209-2
2049
200-6
196-0
1897
188-2
2.
0-4 KC1.
100
t-T
8-33
8-22
7-37
6-85
6-34
5-86
5-37
4-87
t-T
7'69
7-43
6-72
5-71
5-20
4-69
1OM00-120 C.
W
26-3
26-14
29-09
30-93
33 04
35-33
38-29
41-63
W(,-T,
219-0
214-9
214-4
212-4
209-2
206-8
205-7
202-7
.
7.
0-2 KC1.
91-18° C.
w .
2670
27-42
30-11
34-74
37-75
41-19
W(t - T)
204-0
203-7
202-3
198-4
196-3
193-2
r - T
8-30
8-10
7-08
6-06
5-05
4-54
4-04
3-53
3-02
2-f.l
t - T
7-69
7-50
6-69
567
4-66
3-65
2-64
0-2 KC1
99-21° t
W
20-50
26-76
30-26
34-46
40-36
44-26
49-16
55-36
63-66
75-76
S.
W(f-T)
220-5
216-8
214-2
208-8
203-8
201-1
198-8
195-6
192-4
190-2
.
•
0-2 KC1.
91-20°C.
W
27-12
27-08
30-41
34-96
41-57
51-78
69-50
W-T)
208-6
203-1
203-4
198-2
193-7
189-0
183-5
4.
0-2 KC1
94-12°-94-13°a
t-T
7-S8
7-68
5-94
4-93
4-43
3-92
3-42
2-91
2-41
t-T
8-54
8-36
7-53
6-54
5-99
5-55
5-06
4-57
4-07
3 58
3-08
\v
27 21
27-25
34-35
40-35
44-25
49-25
55-65
64-45
76-85
.
9,
W(«-i)
214-4
209-3
204-0
198-9
196-0
193-1
190-3
187-4
185-2
•
0-2 NaCl.
100-44°
w
29-85
30-41
33-31
37-21
39-91
42-51
45-61
49-51
54-21
60-41
68-41
79-81
C.
W(fc-T)
254-9
254-2
250-8
243-3
239-0
235-9
230-8
226-3
220-5
216-3
210-7
206-6
5.
0-2 KC1.
94-34°-94-35° C.
t - T
7-89
7'66
5-83
4-81
3-80
2-79
1-77
.
•
t-T
8-48
8-38
7-49
6-90
6-41
5 92
5-43
4-93
•
W
27-09
27-76
35-22
41-58
50-99
67*63
103-95
10.
W(t - T)
213-7
212-6
205-3
200-0
193-8
188-8
184-0
0-4 NaCl.
100-06° C.
AV
59-88
60-52
66-92
70-92
75-32
80 22
86-52
93-02
W(t - T)
253-8
253-6
250-6
244-6
241-4
237-4
234-9
229-3
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TABLE IV. (continued).—Temperature of Condensation of Steam on Salts
and in their Brines.
No., .
Salt, .
Temp, of Saturated
Steam,
No., .
Salt, .
Temp, of Saturated
Steam,
l
N.
rM.
T.
n
0
1
2
3
4
5
6
7
8
9
10
11
12
N.
rM.
T.
n
0
1
2
3
4
5
6
7
8
9
10
11
12
11.
0-2 NaCl.
99-21° C.
t-T
8-44
8-31
7-19
6-18
5-16
4-65
4-15
3-64
3-14
2-63
.
W
29-84
30-3
34-4
38-9
44-8
48-6
53-4
59-5
67-5
78-5
W(«-T)
252-4
251-8
247-3
240-4
231-2
226-0
221-6
216-6
212-0
206 5
16.
0-2 NaCl.
91-20° C.
t-T
8-11
7-90
7-10
6 09
5-07
4-06
3-05
w
29-33
30-02
33-04
37-66
43-42
52-20
66-65
W(i-T)
238-0
237-2
234-6
229-4
220-1
211-9
203-3
94-
t-T
8-19
8-07
6-96
5-94
4-93
4-44
3-93
3-43
2-92
2-42
12.
0-2 NaCl.
13°-94-12° C.
W
29-50
29-85
33-65
38-25
44-30
48-35
53-45
60-25
69-05
81-35
17.
W(t-T)
241-6
240-9
234-2
227-2
218-4
214-7
210-1
206-7
201-6
196-9
0-2 NH4C1.
99-33°-99-38°C.
t-T
14-46
14-12
11-75
9-78
7-80
6-80
5-81
4-83
4-33
3-81
3-33
2-83
2-32
W
13-62
13-54
16-64
19-84
24-84
28-34
32-94
39-04
43-24
48-54
54-94
63-94
76-84
W(t-T)
197-0
191-2
195-5
194-0
1937
192-7
191-4
188-6
187-2
184-9
182-9
181-0
178-2
13.
0-2 NaCl.
94-37° C.
t-T
8-21
8-03
7-13
6-12
5-10
4-09
3-08
2-07
0
W
29-21
29-84
33-44
37 93
43-72
52-34
66-13
94-11
W(£-T)
239-8
239-6
238-4
232-1
223-0
214-1
203-7
194-8
18.
•4 NH4CI.
94-26° C.
t-T
13-48
13-24
12-08
11-07
10-06
9-05
8-03
7-02
W
26-50
27-24
30-15
33-35
37-03
41-34
45-37
53 57
W(«-T)
178-6
180-3
182-1
184-6
186-2
187-0
182-1
188-0
14.
0-2 NaCl.
94-37°-94-34° C.
t-T
8-21
8-04
7-14
6-14
512
4-12
C
W
28-65
29-24
32-83
37*11
43-04
51-59
19.
W(t - T)
235-2
235-1
234-4
227-9
220-4
212-5
•4 NH4C1.
94-26° C.
t-T
13-48
13-24
11-47
9-96
8-94
7-93
6-92
5-91
4-90
W
26-92
27-47
32-07
37-30
41-92
47*15
54-11
63-04
75-64
W(t - T)
181-5
181-8
183-9
185-7
187-4
186-9
187'2
186-3
185-3
.
15.
0-2 NaCl.
91-47°C.
t-T
8-11
3-06
7-10
6-09
W
28-63
32-88
38-47
•
20.
W(t-T)
230-8
233-4
234-3
0-4 NH4C1.
94-40°-94-41° C.
t-T
13-49
12-44
10-42
9-41
8-40
7-39
6-37
5-35
4-34
3-33
w
27-08
29-66
36-06
40-06
44-90
49-62
58-88
69-30
84-56
109-10
W(«-T)
182-7
184-4
187-8
188-5
188-6
183-3
187-5
185-3
183-5
181-6
I
\
i •«.
5 t?.
I
\ ^
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TABLE TV. (continued).—Temperature of Condensation of Steam on Salts
and in their Brines.
No., .
Salt, .
Temp, of Saturated
Steam,
N.
rM.
T.
u
0
1
2
3
4
5
6
7
8
9
21.
0-4 NH4C1.
91-20° C.
t - T
12-96
12-77
10-93
9-92
8-90
7-89
6-88
5-87
4-86
1
\V
13-95
28-5
33-8
37-6
42-0
47-3
54-2
63 1
75-9
W(t - T)
180-8
181-9
184-6
186-5
186-9
180-6
186-4
185-2
184-4
22.
0-1 BaCl2.2H2O.
99-95° C.
t - T
4-51
4-48
4-10
3-59
3-08
2-58
2-07
1-57
W
32 01
32-07
34-97
39-67
45-67
53-27
64-97
83-47
W(t - T)
288-8
287-4
287-0
284-8
281-2
274-4
273-0
262-2
23.
0-2 BaCl2.2H2O.
94-42° C.
t - T
4-38
4-23
3-62
3-12
2-71
2-31
2-00
1-70
1-40
1-20
W
73-7
73-7
85-6
96-6
108-5
123-1
138-7
159-1
186-8
236-6
W(t - T)
322-8
311-8
309-9
301-4
294-0
284-4
277-4
270-5
261-5
283-9
24.
0-1 BaCl3.2HaO.
91-18° C.
t - T
4-25
4-14
3-66
3-16
2-65
\V
36-6
36-7
41-4
46-9
' 54-3
VV(t-T)
310-9
303-8
303-0
296-4
287-8
25.
0
t - T
3-78
371
3-45
3-00
2-50
2-00
1-51
•2 KC1O
100-30°
W
40-10
40-43
44-63
52-43
63-73
80-83
111-13
.
3*
c.
W(t-T)
151-6
150-0
154-0
157-3
159-3
161-7
167-8
.
No, . . .
Salt,
Temp, of Saturated
Steam,
N.
rM.
T.
n
0
1
2
3
4
5
6
7
8
9
26.
0-2KClO3.
98-77°-9879° C.
t - T
3-61
3-55
3-28
2-97
2-67
2-37
2-06
1-86
1-65
1-43
W
42-2
42-2
46-5
52-0
58-6
67*0
77-8
87-1
99-3
114-3
W(t-T)
152-3
149-8
152-5
154-4
156-5
158-8
160-3
162-0
163-8
163-5
27.
0-2KClO3.
94-43° C.
t - T
3-30
3-22
2-81
2-41
2-00
1-70
1-52
1-29
1-09
W
47-5
47-0
54-8
64-8
78-6
93-8
106-8
125-8
149-4
W(t-T)
156-7
151-3
154-0
156-2
157-2
159-5
162-3
162-3
162-8
28.
0-2 KCIO3.
91-20° 1
t - T
3-04
2-93
2-53
2-03
1-52
W
50-5
50*55
59-37
75-50
102-81
W(t-T)
153-4
148-6
150-2
153-3
156-2
29.
0-05 Ba(NO3)2.
t - T
1-28
1-22
1-10
1-00
0-80
0-70
0-60
99-91° I
W
37-5
39-88
44-88
50-08
65-28
74-88
92-48
W(t-T)
192-1
194-6
197-5
200-3
208-9
209-7
224-4
30.
0 2 Ba(NO3)2.
94-42° C.
t-T
1-12
1-08
0-98
0-88
0-78
0-68
0-58
0-48
0-38
W
163-5
169-3
190-5
215-0
247-3
2S8-9
348-4
419-6
f.84-1
W(t-T)
183-2
182-8
186-7
189-2
192-9
196-5
202-1
201-4
221-9
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TABLE IV. {continued).—Temperature of Condensation of Steam on Salts
and in their Brines.
No., .
Salt, .
Temp, of Saturated
Steam,
N.
rM.
T.
74
0
1
2
3
4
5
6
7
8
9
10
11
12
31.
0-2 Sr(NO3)2.
]
t-T
6-53
6-32
5-44
4-94
4-45
3-95
3-46
2-96
2-47
00-00° C.
w
42-8
42-3
49-7
53 9
59-0
66-0
74-6
86-0
102-3
W(t-T)
279-3
267 3
270-4
266-3
262-6
260-7
258-1
254-5
252-7
32.
0-2Pb(NO3),
t-T
3-29
3-15
2-94
2-64
2-44
2 24
2-03
1-82
1-62
1-42
99-60° C.
W
50-00
51-7
56-5
62-9
69 0
75-2
83-2
92-9
106-1
126-8
W(t-T)
164-6
162-8
166-1
166-1
168-4
168-6
168-9
169-1
171-9
180-0
33.
t-T
1-38
1-33
1-21
1-00
0-1 K2SO4.
100-28°
W
73-0
75-3
84-1
102-94
C.
W(*-T)
201-5
200-3
203-5
205-9
34.
0-033 K2SO4.
t-T
1-28
1-18
0-98
0-88
0-78
0-68
0-58
0-48
94-42° C.
W
25-8
30-5
34-7
38-4
43-8
M-6
64-8
W(t-T)
182-64
179-3
183-2
179-7
178-7
179-6
186-6
35 -
0-05 K.SO,
91-30° C.
t-T
1-23
1-21
0-81
W
39-01
61-56
•
W(t-T)
188-8
199-5
No., .
Salt, .
Temp, of Saturated
Steam,
N.
rM.
T.
n
0
1
2
3
4
5
6
7
8
9
10
11
12
0-]
t-T
7-63
7-39
5-97
5-06
4-05
3-54
3-04
2-53
2-02
1-8-2
1-62
1-42
1-21
36.
(NH4)2
99-40 (
w
12-64
13-28
16-18
18-79
22-94
25-95
29-68
35-28
43-78
48-97
55-19
64-00
75-62
SO4.
VV(f-T)
192-88
196-49
191-14
190-00
185-81
183-6!)
180-44
178-51
176-87
17*-24
178-82
181-76
182-99
37.
0-4(NH4)2SO4.
t-T
7-81
7-52
6-93
6-J2
5-9.'J
5-44
4-94
4 15
3-i»5
3-46
100-28° (
w
50-7
51-8
56-2
60-1
64 -8
69-9
76-2
83-7
93 5
106-2
W(f-T)
197-9
194-8
194-7
192 9
192-1
190-1
188-2
18U-2
18-1-7
183-7
'38 .
0-4 (NH4)2SO4.
t-T
7-46
7-42
6-94
5-93
94-24° C
W
51 -9
47*7
55 2
63-2
W(t - T)
193-6
176-9
191 f>
187 4
39.
0-2 (NH4)2SO4.
94-41° C.
* - T
7-38
7*17
6-36
5-35
4-34
3-33
2 "32
W
25-8
24-8
29-5
34-6
41-7
53-7
75-4
W(«-T)
190-1
177-8
187-6
185-1
181-0
178-8
174-9
•
40.
0-2 (NH4)2SO4.
91-
t-T
7 25
7 16
5-91
4 90
3-88
15-91!
w
26-2
22-7
31-5
37 4
46 4
re .
W(f-T)
190-1
162-5
186-2
183-3
180-0
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TABLE IV. (continued).—'Temperature of Condensation <f Steam on Salts
rmrl iv their Brines.
No., .
Salt, .
Temp, of Saturated
Steam,
N.
rM.
T.
n
0
1
2
3
4
5
6
7
8
9
10
11
12
13
41.
0-2 (NH4).JSO4.
91-30° C.
t-T
7*24
6-98
617
516
415
3-04
213
w
26-4
26-2
30-4
357
43-5
57-9
821
W(«-T)
1911
182-7
187-5
184-1
180-4
176-0
174-8
42.
0*2 .,
t-T
11-87
11-53
10-44
9-01
8-01
7-04
6-04
5-55
5 06
4-57
4-07
3-58
3-08
2-59
100-44° (
W
20-7
20-95
23-35
26-35
2915
32-25
36-75
39-45
42-65
46-45
5115
57'25
64-95
75-85
•ci.
W(t-T)
245-7
241-6
243-8
237-4
233 5
227-0
222 0
218-9
215-8
212-3
208-2
205-0
200 0
196-5
0-
100-
t - T
11-81
11-46
10-80
9-86
8-88
8-38
7-88
7-39
6-89
6-39
5-90
5-41
4-90
13.
4 K + N
13M00-
W
40-06
41-98
44-68
48-38
52-98
55-68
58-58
61-78
65-78
70-08
74-88
80-88
87-48
V>.
15° C.
W(f-T)
241-3
240-5
241-2
238-0
235-2
233-4
230-9
228-3
•2-20-7
223-9
220-9
218-8
214-3
4 1.
0-4 —, --
94-26°-94-2
t - T
11*19
10-89
9*87
917
817
7-65
715
6-64
6-14
5-62
\v
41-9
461
49-2
54-4
57 6
61-0
651
69-7
75-2
r a
W(t-T)
228-2
227*5
225 6
222-3
220-3
2181
2161
214-0
2113
45.
0-2
100-18° C.
t - T
11-81
10 58
9-38
8-39
7-40
6-41
5-92
5-43
4-93
4-44
3*94
3-45
2-95
2-46
w
23-0
25-9
28*6
31-5
35-5
380
40-8
44-2
48-2
53-2
59-7
68-3
80-5
W(t-T)
243-3
243-0
239-0
233-1
227-6
225-0
221-5
217-9
214-0
209-6
206 0
203-5
198-0
No., .
Salt, .
Temp, of Saturated
Steam,
N.
rM.
T.
n
0
1
o
3
4
5
6
7
8
9
10
11
12
13
46.
0-2
t - T
11-84
10-80
9*38
8-39
7-40
6-41
5-92
5-43
4*93
4-44
3-94
3-45
2-95
2-46
5
100-18°
AV
22-15
25-35
27-85
30-85
34-85
37-25
40*25
43-55
47-55
52-65
5915
67*85
80-35
C.
W(t-T)
239-2
236-9
233-7
228-3
223-4
220-5
218-6
214-7
211-1
207-4
204-1
200-2
197-7
0-5
t - T
11-86
9-98
8-89
7-91
6-92
6-36
5-93
5-38
4-94
4-45
3-95
3-46
2-96
2-47
47.
^ K + Na
J
 3
100-23°
W
24-59
27-49
30-29
33-79
36-29
38-29
41-69
45-69
48-49
53-59
60-19
63-69
80-59
3C1.
C.
W(t-T)
245-4
244-4
239-6
233 9
230-9
227-1
224-3
225-8
215-8
211-7
208-3
203-4
1991
48.
0-5
t - T
11-80
10-32
9-39
7-91
6-92
5-93
5-44
4-94
4-45
3-95
3-46
2-96
3 «
100-23°
w
•22-43
25-83
28-63
32-13
36-63
39-33
42-63
46-63
51-43
58-03
66-43
78-63
la.
V.
W(t-T)
231-5
242-5
226-5
222-3
217-2
213-9
210-4
207-4
203-0
200-7
196-5
192-6
0-1
t - T
11-82
9-56
8-40
7-41
6-87
6-42
5-93
5-44
4-94
4-45
3-95
3-46
2*96
2-47
49.
K + Ni
4
100 -22s
\v
25-7
29-4
321
34-3
3ti-4
38-6
41-3
44-9
48-8
53-9
59-3
68-H
SJ-5
l3Cl.
u.
\V(t-T)
245-7
247-0
237 9
235-6
233 "7
2-28-9
224-7
221-8
217-2
212*9
205-8
203-0
198-9
o-
t-T
11-80
9-66
8-40
7-50
6-42
5-93
5-44
4-94
4-45
3-95
3-46
2-96
2-47
50.
4
10017°
w
23-56
27-06
30*16
33-86
36-46
39-06
42-46
46-36
51 -36
57 '56
6616
77-80
C.
W(f_T
227-6
227 3
•226 2
2171
216-2
212-4
209-8
206-3
202-8
200-2
195-S
192-3
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TABLE IV. (continued).—Temperature of Condensation of Steam on Salts
and in their Brines.
No.,
Salt,
Temp, of Saturated
Steam,
N.
rM.
T.
n
0
1
2
3
4
5
6
7
8
9
10
11
12
51.
0-2 K + Na5
4C1.
100-18° C.
t-T
11-80
9-21
8-38
7-40
6-41
5-92
5-43
4-93
4-44
3-94
3-45
2-95
2-46
W
26-86
29-36
32-46
36-46
38-86
41-86
44-96
50-26
54-26
60-66
69-66
82-16
W«-T)
247-4
246-0
240-2
233-7
230-0
227-2
221-6
223*2
213-7
209-3
205-5
202-1
52.
0-2
t-T
11-78
9-ltJ
8-39
7-40
6-41
5-92
5*43
4-93
4-44
3-94
3-45
2-95
2-46
K4+Na
•a
100-18° C.
w
25-0
26-75
29-95
33-95
36-25
39-15
42-45
46-25
51-25
57-45
66-15
78-25
W(t-T)
229-0
224-4
221-6
217*6
214-6
212-5
209-2
205-3
201-9
198-0
195-2
192-5
53.
0-'
94-20° C.
t-T
11-19
9-63
8-62
7*60
6-59
6-08
5-57
5-07
4-56
4-06
w
24-0
26-2
29-3
33-1
35-3
37-9
41-2
44-9
49-9
W(t-T)
231-1
225-8
222-7
218-1
214-6
211-1
208-9
204-7
202-6
•
54.
0'2 ^ ± *
t-T
11-18
9-43
8-42
7-40
6-39
5-87
5-37
4-86
4-36
3-85
94-20° C.
W
23-26
25-74
28-86
32-66
35-00
37-94
41-14
45-34
50-60
W(t-T)
219-3
216-7
212-6
208-7
205-5
203-7
200-0
193-1
194-8
0-2
55.
94-20° C.
t-T
11-17
9-13
811
7-10
6-08
5-57
5-07
4-57
4-06
3-55
3-05
W
25-35
27-75
3105
35-25
37-89
41-01
44-85
49-35
55-35
63-30
W(t-T)
231-4
225-1
220-5
214-3
211-0
207*9
205-0
200-4
196*5
193-1
.
No., .
Salt, .
Temp, of Saturated
Steam,
•
#
N.
rM.
T.
n
0
1
2
3
4
5
6
7
8
9
10
11
12
0-5
t-T
11-19
8-95
7-93
6-92
6-42
5-90
5-40
4-89
4-39
3-88
3-38
' 4
9417- (
w
24-33
27-18
30-63
32-52
35-07
07.00
41-22
45-27
50-28
57-03
W«-T)
217-7
215-5
212-0
208-8
206-9
204-3
201-6
198-7
195-1
192-7
o-
94
t-T
11-18
8-87
7-95
6-94
5-92
5-42
4-91
4-41
3-91
3-41
57.
•16°-94,
AV
25-90
28-44
31-16
36-36
39-16
42-52
46-36
51-56
57-96
4C1.
L4° a
2297
226-1
216-2
21.V2
212-2
208-8
204-4
201-6
196-7
58.
94-14°-94-13°C.
t-T
11-01
8-27
6-95
5-94
5-43
4-93
4-43
3-92
3-42
2-91
.
w
24-00
24-00
28-16
32-16
34-72
37*76
41-36
46-32
52-56
60-80
\\(t - T)
198-5
195-7
191-0
183-5
186-1
183-2
181-6
179-7
176-9
59.
0'^ . NaNH1
 2
4C1.
94-30° C.
t-T
15-52
10-60
9-62
8-63
7*64
6-65
6-16
5-66
5-17
w
41-C
45-7
50-3
56-1
63-4
67-7
72-7
78-6
W\t-T)
220-5
219-8
217-0
214-3
210-8
208-5
205-7
203-2
60.
0"( NaNH1
 2
94-30° C.
t-T
15-52
10-57
9-59
8-60
7-61
6-62
6-13
5-63
5-14
W
40-7
44-9
49-3
55-1
62-0
66-2
71*2
77-4
•
W(,-T)
215-1
215-3
212-0
209*6
205-2
202-9
200-4
198-9
* I I-'
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TABLE IV. (continued).—Temperature of Condensation of Steam on Salts
and in their Brines.
No.,
Salt,
Temp, of Satu-
rated Steam, .
N.
rM.
T.
n
0
1
2
3
4
5
6
7
8
9
10
11
61.
0-2
t - T
9*82
7*09
6-37
5-82
5-22
4-45
3-95
3-46
2-96
2-47
2KC1+KC1OS
3
100-28° C
w
26-83
29-93
32-63
36-23
41-93
46*93
53*03
61-43
72-93
W(t-T)
190-2
190-6
190-0
189-1
186-6
185-4
183-5
181-8
180-1
0-4
t - T
9-87
9-34
8-39
7*41
6-92
6'42
5-93
5-43
4-94
4-45
3-95
•
62.
3KCH-KC1O3
4
100-28° C
W
43-15
47-65
53-65
57-25
61-35
66-15
71-65
78-55
86-25
96-85
W(t - T)
201-5
199-9
198-8
198-1
197-0
196-1
194-5
194-0
191-9
191-3
63.
0-2(KCl + KClO3).
94-10° C.
t - T
8-98
5-15
4-66
4-16
3-65
315
2-64
2-23
W
33-8
37-3
41-8
47-3
54-6
651
77*4
W(t-T)
174-1
173-8
173-9
172-6
172-0
171-8
172-6
.
64.
0-2 (<*H M O 4 +
93-86°-93-85c
t - T
15-49
12-64
10-98
9-99
9-01
8-02
7-04
6-56
6-06
5-08
4-59
4-09
w
21-25
25-45
27-95
30-95
34-75
39-55
41-35
45-55
53-85
58-90
65-80
NH4Cl).
'C .
W(t-T)
1791
186-3
186-1
185-9
185-8
185-6
181-2
184-0
182-4
180-2
179-4
No., . .
Salt,
Temp, of Satu-
rated Steam, .
N.
rM.
T.
n
0
1
2
3
4
5
6
7
Q
9
10
11
65.
O'l
t - T
7-93
2-11
2-01
1-91
1-80
1-70
(K|O1 +
94-12° C
w
66-35
70-35
73-65
77-05
81-65
KCl).
W(t-T)
186-6
188-5
187*6
184-9
185-1
•
66.
0-1 |'K2SO4 j ,
, 2 '
93-83°-93-80° C.
t - T
10-32
3-44
3 03
2-63
2-43
223
2-04
W
42-95
48-05
54-65
58-95
63-85
69-95
•
W(t-T)
196*9
194-1
191-6
190-6
189-9
190-3
67.
0-05 Ba(NO3)2+0-2NaCl.
t - T
9-75
6-69
618
5-67
517
4-66
416
94-10° C
W
41-7
44-7
47-9
52-6
57-5
64-0
W(t-T)
223-2
221-0
217*3
217-5
214-3
213-0
68.
0-05 Ba(NO3)2+01NaCl.
93-97°-93-95
t - T
9-72
3-59
3-09
2-59
2-09
W
42-25
48-65
57-95
70-85
°C.
W(t-T)
202-3
199-9
200-1
197*5
•
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TABLE IV. (continued).—Temperature of Condensation of Steam on Salts
and in their Brines.
. - I "
No.,
Salt,
Temp, of Satu-
rated Steam, .
N.
rM.
T.
n
0
1
2
3
4
5
6
7
8
9
69.
4BaCl2.2H2O + Ba(NO3)2
5
t-T
5-56
4-95
415
3-64
313
2-63
212
1-62
111
99-90° C
W
25-2
31-1
35-7
411
48-5
59-4
76-5
110-3
W(«-T)
259-4
258'2
259*8
257*2
255-2
251-8
247-8
244-8
70.
A.n 5BaCl2.2H2O + 2Ba(NO3)2
99-98° C.
t-T
5-59
5-28
4-57
4-07
3-56
3 06
2-55
2-04
1-54
W
22-9
27-0
30-6
34-8
40-7
48-4
59-7
77-9
W(t-T)
241-8
246-8
249-3
247-8
249-1
246-8
243-6
239-7
71.
0-05(BaCl2.2H2O+Ba(NO3)2)
93-94°-93-9r
t-T
5*40
2-32
212
1-91
1-72
1-61
•
W
47-7
52-7
57*7
66-2
69-8
•
'C .
W(t-T)
221-4
223-4
220-4
227-8
226-8
72.
0 . 1 6(NH4)2SO4+K2SO4
100-28° C.
t-T
7-24
5-99
5-45
4-96
4-46
3-97
W
6615
70-65
77-25
84-75
94-55
.
W(t-T)
198-1
192-5
191-6
189-0
192-7
No., . .
Salt,
Temp, of Satu-
rated Steam,.
N.
rM.
T.
n
0
1
2
3
4
5
6
7
8
9
73.
0 o,
9413° C.
t-T
5-36
2-31
211
1-90
1-70
1-60
1-49
1-39
1-29
119
W
39-25
43-35
47-65
53-55
56-95
60-45
6515
70-35
77-35
W((-T)
181-4
183-0
181-0
182-0
182-2
180-2
181-0
181-4
184-0
74.
016 Sr(NO3)2 +
0-0423Ba(Nb3)2.
100-00° C.
t-T
6-31
3 02
2-74
2-47
W
.
79-7
88-4
99-2
.
W((-T)
237-9
239-8
242-5
75.
0-1
t-T
5-43
2-23
2-02
1-72
1-52
1-32
1-11
1-01
•
Sr2+Ba( ]
99-60° C
W
50-1
56-0
661
751
88-2
106-3
119-8
W0-T)
222-4
226-2
227-4
228-4
232-8
236-0
242-0
m
•
76.
0-2
t - T
2-90
2-42
2-22
2-01
1-81
1-61
1-41
•
3Pb+Ba/1(
4 {
99-60° C
w
.
68-6
75*6
84-8
94-9
110-6
132-6
*O3)2.
W«-T)
166-0
167-8
170-4
171 -S
1781
186-H
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TABLE IV. (continued).—Temperature of Condensation of Steam on Salts
and in their Brines.
No.,
Salt, . .
Temp, of Satu-
rated Steam,.
N.
rM.
T.
n
0
1
2
3
4
5
6
7
8
9
10
11
77.
0.i?^a(NO8)2.
99-62°-99-63°
t-T
2-89
2-00
1-70
1-50
1-30
1-08
0-98
0-88
w
42-2
51-3
59-7
71*4
88-2
100-3
113 6
C.
W(«-T)
168-8
174-4
179-2
185-6
190-6
196-6
200-0
78.
100-29° C.
t-T
5-93
4-77
4-16
3-55
3-05
2-54
2-33
2-13
1-93
1-73
w
45-7
52-3
60-1
69-5
83-8
90 7
100-1
111-0
126-7
W«-T)
218-0
221-7
213-4
212-0
212-9
211-3
213-2
214-2
219-2
•
79.
0-2 ^ ( N O 3 ) ,
t-T
5-98.
5-27
4-46
4-06
3-55
3-05
2-54
2-34
213
1-93
1-73
100-29° C.
W
44-0
51-4
56-1
637
73-6
88-2
95-6
104-7
116-5
132-4
W(t-T)
231-9
229-2
227*8
226-1
224-5
224-0
223-7
223-0
224-8
229-0
No.,
Salt,
Temp, of Satu-
rated Steam,.
N.
rM.
T.
n
0
1
2
3
4
5
6
7
8
9
10
11
80.
0-2 NaNO3.
t-T
17-93
17-60
14-96
12-99
11-01
10-02
8-77
7-50
6-48
5-49
4-47
3-83
94-41° C.
W
8-90
8-84
10-80
12-54
14-97
16-64
19-02
22-48
26-13
30-86
38-27
44-84
W«-T)
159-5
155-6
161*6
163-0
164-8
166-7
166-8
168-6
169-3
169*4
171*0
171*7
81.
0-5 NaN03.
t-T
16-91
16-30
14-21
12-56
10-91
.
91-18° C
W
21-9
22-00
26-7
30-5
35-4
.
W(t-T)
148-6
143-4
151-8
153-2
154-5
82.
t-T
16-89
16-29
13-92
11-39
10-25
9-42
8-43
7-50
•
0-5 NaNO
91-30° C
W
24-50
24-98
30-8
38-9
41-9
45-8
51-0
57-5
3-
W(« - T)
164-7
162-8
171-5
177-2
171-7
172-8
172-0
172-5
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TABLE V.—Temperature of Condensation of Steam in diluted Brines.
No. , .
Salt,.
Temp, of Satu-
rated Steam, .
N.
rM.
T.
76
0
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
83.
99-
t-T
3-97
2-95
2-45
1-94
1-74
1-54
1-34
1-13
0-93
0-84
0-74
0-64
0-54
0-44
0-05 LiCl
88°-99*87
W
161
19-8
23-0
27-4
30-3
33-6
37-9
43-8
52-8
59-2
66-9
77-2
90-8
112*6
•a
W(«-T,
63-9
58-4
56 3
53-2
52-7
51-7
50-8
49-5
49-1
49-7
49-5
49-4
49-0
49-5
84.
0-05 KCl
99-7.VC.
t-T
3'59
2-58
2-07
1-57
1-37
1-16
0-96
0-76
0-66
0-56
0-46
W
14-2
19*0
23-0
29-9
34-0
39-9
47-9
60-3
69-7
83-0
106-6
W{t-T)
51-2
49-0
47-6
47-0
46-6
46-3
46-0
45-8
46-0
46-5
49-0
85.
0*05 NaClI.
99-75° C.
t-T
5-82
3-79
2-58
2-07
1-57
1-37
116
0-96
0-76
0-66
0-56
0-46
W
10-7
15-0
20-7
24-7
317
361
42 2
51-4
65-6
77-9
92-2
113-7
W(t-T)
62-3
56-8
53-4
511
50-0
49-5
49-0
49-3
49-3
51-4
51-6
52-3
86.
o-
99
t-T
5-54
4-03
3-02
2-51
2-00
1-70
1-49
1-29
1-08
0-98
0-88
0-78
0-68
0-58
0-47
0-36
u
05 N a +0 5
 2
•42°-99-45°C.
W
10-5
13-4
17-2
201
24-2
28-2
31-7
36-3
42-7
46-8
52-7
59-3
68-6
81-8
101-9
1411
W(t-T)
58-2
54-0
520
50-5
48-4
48-0
47-2
46-8
461
45-9
46-4
46-3
467
47'5
47-9
50-8
No. , .
Salt,.
Temp, of Satu-
rated Steam, .
N.
rM.
T.
n
0
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
87.
0-05 NH4C1.
99-46°-99-47
t-T
4-49
4-09
3-08
257
2-06
1-66
1-46
1-25
1-05
0-85
074
0-64
0-54
0-44
W
9-1
11-8
15-3
17'9
21-8
26-9
30-3
35 3
42-2
51-4
64-8
69*6
82-0
101-4
•a
W0-T,
40-9
48-3
47-2
46-0
44-9
44-6
44-2
44-1
44-3
43-7
.
44-6
44-3
44-6
88.
99-
t-T
5-05
4-04
3-03
2-52
2-01
1-81
1-61
1-41
1-20
100
0-90
0-80
070
0-60
0-49
0-39
0-O5 RbCl
51°-99-52
W
101
12-4
15-8
18-6
227
25-1
28-0
32-0
37-3
45-7
49-9
561
64-4
77-9
951
124-1
.
-a
W ( « - T ,
510
501
47-9
46-9
45-6
45-4
45-1
451
44-8
4f> 7
44-9
44-9
451
467
46-6
48-4
89.
0-05 CsCl
99-51° C.
t-T
5 55
4-04
3-03
202
1-61
1-41
1-20
1-00
0*90
0 80
070
0-60
0-50
0-40
W
9-5
12-5
15-8
22-7
28-2
32-2
37-2
45-0
49-8
56-5
63-9
781
96-8
120*3
W{t-T)
52-7
50-5
47*9
45-9
45-4
45-4
44-6
45-0
44-8
45*2
44-7
46-9
48-4
481
•
90.
0-05 BaCl2.2H2O.
99-49°-99'50°C.
t-T
254
2-03
1-83
1-63
1-43
1-23
1-02
0-92
0-82
072
0-62
0-51
m
•
W
271
32-6
357
39-7
44-7
51-4
607
68-2
757
86-6
1017
126-0
W(*-T)
68-8
66-2
65-3
647
63-9
63-2
61-9
627
621
62-4
63-6
64-2
.
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TABLE V. (continued)—Temperature of Condensation of Steam in diluted Brines.
•
;
 »v»
m
36-3!
I|
# - fill *
'-• Si f
* v*; 4-;
K Ml «
« • : «
No, .
Salt,.
Temp, of Satu-
rated Steam, .
N.
rM.
T.
n
0
1
2
3
4
5
6
7
8
9
10
11
12
13
14
91.
0-05 KI.
99 59° C.
t-T
6-08
4-56
3-55
2-54
2-03
1-53
1-43
1-22
1-02
0-92
0-82
0-72
0-62
0-52
0 42
W
10-2
12-8
157
20-7
25-1
32-4
34 9
39-7
46-9
51'6
577
65-2
75-8
90-8
116;0
W(*-T)
62 «0
54-4
55-7
52 6
51-0
49'6
50-0
48-4
47-8
47'5
47 3
46-4
47*0
47'2
487
t-T i
5-07
3 55
2-54
2-03
1-63
1-43
1-22
1-02
0-92
0-82
0-72
0-62
0 52
0-42
92.
0-05KBr
99-59° C.
W
11-0
14-8
197
24-2
29-2
33-0
38-4
45-6
50-7
56-5
64-7
75-1
89-4
116-1
W(t-T)
55-8
52-5
50-0
49-1
47*6
47-2
46-8
46-5
46-6
46-3
46 6
46-6
46-5
48-8
93.
0-05 KC1O3.
99-31°-99-29°
l-T
3-02
2-52
i 01
1-71
1-51
1-31
1-10
1-00
0-90
0-80
070
0-61
0-52
0-42
W
13-2
162
20-3
24-4
27-6
32 3
38-1
41-7
45-9
51-6
59 8
69-6
91 5
108-9
C.
W(*-T)
39-9
40-8
40-8
417
41-7
42-3
41-9
41-7
41-3
41-3
41-9
42-5
47 6
457
94.
0-05 KNO3
99-57°-99-55c
t-T
3-27
2-56
2-04
1-54
1-34
1-13
1-02
0-92
0-82
0-72
0-62
0*53
0-43
0-35
W
6-8
14-8
18-5
25-2
29-4
35 0
38-8
42-6
48-3
55-6
63-9
78-4
95-2
137-4
C.
W(*-T)
22-2
37*9
377
37-8
39-4
39-6
39*6
39-2
39-6
40-0
39-6
41-6
40-9
48-1
N o , . .
Salt,.
Temp, of Satu-
rated Steam, .
<
N.
rM.
T.
n
0
1
2
3
4
5
6
7
8
9
10
11
12
13
14
95.
0-05 NaNC
99-87°C.
t-T
4-08
3-06
2-56
2-05
1-85
1-65
1-45
1-24
1-04
0-94
0-84
0-74
064
0-54
0-14
W
11-4
14-9
17'9
221
24-5
27-3
31-0
36-4
43-4
47-3
54-1
61-0
70-4
83-5
106-1
W{t-T)
46-4
45-6
45-8
45-3
45-3
45-0
44-9
45-1
451
44-5
45-4
45-1
45-0
45-7
467
96.
0-05 Sr(NO3)2.
99-30°-
t-T
5-06
3-54
3-04
2-53
2 02
1-82
1-61
1-41
1-20
1-00
0-90
0-80
0-71
0-61
-99-31°-99-30°C.
W
14-7
18-4
21-1
24-7
30-5
34-0
37-9
42-9
49-9
59 5
66-0
75-0
84-4
99-8
W(*-T)
74-4
651
64-1
62-5
61*6
61-9
61-0
60-5
59-9
59-5
59-4
60-0
59-9
60-9
97.
0-05 Pb(NO3).2.
99-29° C.
t-T
2-34
2 03
1-83
1-63
1-43
1-22
1-02
0-92
0-82
0-72
0-62
0-52
W
18-1
20-8
23-5
26-5
30-6
36-3
44-2
49 4
57*0
65-6
79-6
965
W(*-T)
42-4
42-2
43-0
43-2
43-7
44-3
45-1
45-4
46-7
47-2
49-4
50-2
98.
O-05 AgNO3.
99-87° C
3-06
2-56
2-05
1-85
1-65
1-45
1-24
1-04
0-94
0-84
0-74
0-64
0-5-1
0-44
W
10-1
127
16-6
19-0
21-6
24-7
29-7
36 3
40-5
46 3
52-7
62 6
761
98-2
W(^-T)
30-9
32-5
34-0
35 2
35-6
35-8
36-8
37'8
38-1
38-9
39 0
40-1
41-1
43-2
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TABLE VII.—Relations between relative Reduction of Vapour Tension
and Dilution.
- c
> i
„ h
N o . , . . . .
S a l t , . . . .
N o . , .
S a l t , .
N.
rM.
P.
n.
0
i
2
3
4
5
6
7
8
9
10
11
N.
rM.
P.
n.
0
1
2
3
4
5
6
7
8
9
10
11
1.
0-2 KC1.
P
mm.
1037 6
1005-6
970-2
953 4
937-7
922-0
906-4
890-9
875-4
860-4
845-9
772-0 mm.
ff-P
P
0-2560
0-2323
0-2043
0-1903
0-1767
0-1628
0-1483
0 1334
01181
0-1027
0-0874
P
6-733
6-669
6-662
6-643
6-593
6-111
6-571
6-525
6-485
6-451
6-407
4.
0-2 KC1.
613-7-614-0 mm.
P
mm.
816 0
761-9
734-8
721-7
708-6
695-9
6831
670-8
P-?
P
0-2479
0-1941
0-1644
0-1492
0-1335
0-1177
0-1011
0*0846
6-732
6-666
6-633
6-601
6-573
6-548
6-515
6-501
2
0-4 KC1.
762-7-763-3 mm.
P
mm.
1019-9
987-3
969-8
953-4
9377
925-2
906-1
, , - P
P
0-2522 ,
p-P
P
6-633
0-2272 6-609
0-2132
0-1994
01860
0-1750
0-1576
6-592
6-588
6-571
6-701
6-561
;,.
0-2 KC1.
P
mm.
822-5
764-6
737-5
71M
685-6
660-6
618*7 mm.
P
0-2478
! 0-1909
01611
0-1299
0-0976
0 0635
6-772
6-722
6-697
6-630
6*601
6-600
-3. -
0-2 KC1.
P
mm.
988-4
947-6
915-0
883-5
867-9
852-8
837-6
822-7
808-0
738-8 mm.
P
0-2525
0-2205
0-1926
0-1637
0-1488
0-1337
0-1180
0-1020
0-0857
7.
W
 P
6-756
6-672
6-635
6-606
6-584
6-571
6-529
6-493
6-493
0-2 KCl.
P
mm.
729-6
704-5
679-0
666-6
654-3
•
•
•
549-8 mm.
0-2464
0-2196
0 1903
0-1752
0-1597
6-611
6-611
6-610
6-612
6-576
•
•
•
•
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TABLE VII. (continued).—Relations between relative Reduction of Vapour
Tension and Dilution.
N o , . . . .
Salt, .
No., .
Salt, . . . .
N,
rM.
P.
n.
0
1
2
3
4
5
6
7
8
9
10
11
N.
rM.
P.
n.
0
1
2
3
4
5
6
7
8
9
10
11
12
8.
P
mm.
730-3
704-5
678-9
654-3
630-5
607-4
•
0-2 KC1.
550-4 mm.
0-2463
0-2187
0-1894
01588
0-1270
0-0938
6-680
6-650
6-619
6-599
6-574
6-518
16.
P
mm.
741-5
715-0
689-3
664-2
640-1
616-7
0-2 NaCl.
5504 mm.
p-Y
P
0-2577
0-2302
0-2015
0-1713
0-1401
0-1075
P
7-558
7-606
7-588
7-438
7-313
7-165
9.
0-2 NaCl.
772-0 mm.
P
mm.
1038-9
1003-9
970-4
952-4
938-0
922-4
906-7
891-2
876-0
860-9
846-3
p-Y
V
0 2569
0-2309
0-2045
0-1894
0-1769
0-1631
0-1485
0-1338
7-668
7-725
7*609
7-565
7*520
7-439
7-352
7-253
0-1187 7-171
0-1033 7 067
0-0878 7-007
17.
0-2 NH4C1.
742-0-743-3 mm.
P
mm.
1220-1
1115-1
1043-6
975-9
942-9
911-2
880-7
865-S
850-4
836-2
821-6
807-4
p-Y
P
0-3918
0*3346
0-2890
0-2394
0-2127
0-1853
0-1571
0*1423
0-1264
0-1116
0-0955
0-0794
P
5-558
5-734
5*937
6-028
6-114
6-133
6-153
6-135
6-131
6-106
6-101
12.
0-2 NaCl.
614-0-613-7 mm.
P
mm.
825-4
790-1
761-9
P
0-2561
0-2229
0-1941
734-8 0-1644
721-7
708-6
695-9
683-1
670-8
0-1496
01339
0-1181
0-1016
0-0851
7-555
7-500
7-424
7-183
7-233
7-157
7-116
7-015
6-923
19.
0-4 NH4C1.
619'9 mm.
V
mm.
996-13
929-70
882-23
851-31
821-57
792-64
764-63
737-47
p-P
P
0-3807
0-3364
0-3007
0-2753
0-2491
0-2217
0-1932
0-1635
W
 P
5-394
5-608
5-770
5-872
5-998
6-089
6-183
.
I
STEAM AND BRINES. 569'
TABLE VII. (continued).—Relations between relative Reduction of Vapow
Tension and Dilution.
No., .
Salt, .
N.
rM.
P.
P
mm.
819-8
790-9
762*7
735-6
709-3
683-8
659-1
21.
0-4 NH4C1.
550*35 mm.
P
0-3782
0-3287
0*3042
0-2784
0-2519
0-2241
0-1966
0-1650
W v-
5-555
5-719
5-846
5-957
6-073
6-203
6-261
. 22.
0-1 BaCl2.2H,O.
758-64 mm.
P
mm.
861-5
846-2
831-5
816-6
802-3
V
0-1473
0-1349
0-1194
0-1035
0-0877
0-0710
0-0545
X.
rM.
P.
nun.
0-1 Ba<X.2H.,O.
549-94 mm.
V
mm.
644-07
630-25
618-7:!
607-17
0-1274
0-1112
0-0942
10-549
10-431
10-230
879-4
VOL. XXXIX. PAPvT III. (NO. 1H).
25.
0-2 KC1O:{.
768-2 mm.
23.
0*2 BaCl.,.2H..O.
620-56 mm.
9*435
9*473
9*454
9-343
9-226
9-103
P
mm.
728-0
708-3
695-6
685-3
675-4
667-S
660-6
653*3
646-2
p_-P
V
0*1475
0-1238
0-1078
0*0944
0*0811
0-0708
0-0605
0-0502
0-0396
P
•
10-597
10-413
10-242
9-983
9-820
9-626
9-377
9-369
\T-
27.
0-2 KC1O...
620-8 mm.
mm.
0-1264 700-4
wy-
0-1136
867-9
854-3
S:.!9-4
cS24-8
811-1
0-1149
0-1008
0-0848
0-0686
0-0529
5-128
5*285
5-404
5-545
5-879
688-1
678-1
668*1
660-8
656-5
650-9
646-2
0-01.71.
0*0845
0*0708
0*0605
0-0544
0-04ti3
0-0393
•vse;. :
5-476
5T.Uf.
f)-67r»
5-810
5-824
5-871
4 Q
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TABLE VII. (continued).—Relations between relative Reduction of Vapour
Tension and Dilution.
No., .
Salt,
N.
rM.
P.
n.
0
1
2
3
4
5
6
7
8
28.
0-2 KC1O3.
550*35 mm.
P
mm.
616-4
604-9
593-8
582-6
P-V
P
0*1072
0-0902
0-0732
0-0584
P
5-355
5-527
5-696
29.
0-05 Ba(NO3
757*56 mm
n
mm.
792-9
787-9
785-1
779-5
776-7
774-0
p ! V J'
0-0445
0-0385
0-0350
0-0281
0-0246
0-0212
6-911
7*011
7-337
7-368
7-927
30.
0-2 Ba(NO3)2.
620-6 mil.
mm. -P
646-7
643 4
641-0
638-6
636-3
634-0
631-6
629 3
0-0403
0-0355
0-0318
0-0283
0-0247
0-0211
0-0175
0-0138
0-P
p
6-763
6-837
6-998
;
 7136
7-351
, 7 343
8-061
No.,
Salt, .
N.
rM.
P.
n.
0
1
3
4
5
6
7
8
9
10
11
12
31.
0-2Sr(NO3)2.
760-00 mm.
P
mm.
9557
920-5
904-6
889-4
873-9
859-1
844-1
8237
y>-P
P
0-2048
0-1743
0-1598
0-1455
0-1303
0-1154
0-0996
0-0773
p
8-376
8-663
8-613
8-584
8-600
8-610
8-514
7-910
32.
0-2 Pb(NO3)2.
749-2 mm.
mm. JJ
842-0
831-8
822-8
817-2
811*4
805-4
799-4
793-8
788-1
0-1102
0-0993
0-0895
0-0832
0-0766
0-0698
0-0628
0-0562
0-0493
5-510
;V610
5-629
5-741
5-760
5-807
5-834
5-963
6-251
36.
0-1 (NH4)2SO4.
743-9 mm.
P
mm.
972-2
918-2
889-7
858-8
843-5
828-9
814-0
799-4
793*8
788-1
782*6
776-7
JP-P
P
0-2348
0-1898
0-1638
0-1338
0-1181
0-1025
0-0861
0-0694
0-0628
0-0561
0-0494
0 0422
P
5'941
6-149
6-155
6-139
6-130
6-085
6*074
6-077
6'149
6*191
6-323
6*381
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TABLE VII. (continued).—Relations betiveen relative Reduction of Va/pour
Tension and Dilution.
m
..•* m
No., .
Salt, .
No.,
Salt,
N.
rM.
P.
8
9
10
11
12
13
39.
0-2 (NH4)2SO4.
620-33 mm.
p
mm.
810*0
781-2
753-5
726-7
700-6
675-4
V
0-2342
0-2059
0-1769
0-1464
0-1146
0-0816
6-074
6-121
6-105
6-154
6-153
41.
0-2 (NH4)oS04.
552-48 mm.
p
mm.
721-2
693-8
668-8
644-5
618-7 '
598-2
P
0-2345
0-2038
0-1740
0-1429
0-1071
0-0765
6-196
6-212
6-316
6-201
6-281
42.
0-2 ?
772*0 mil
p - l
P
1161-9
1107-7
1055-7
1020-6
987-3
954-0
938-0
922-4
906-7
891-2
876-0
860-9
846-2
0-3356
0-3031
0-2686
0-2436
0-2181
0-1908
u-1770
0-1631
0-1485
0-1337
0-1187
0-1032
0-0877
P
6-947
7-077
7-038
7-101
7-034
7-012
6-983
6-956
6-795
6-702
6-652
N.
i-M.
P.
n.
0
2
3
4
5
6
7
8
9
10
11
44.
0-4 K + N a Cl
616-9-616-68 m
P
mm.
921-1
879-4
858-2
828*3
813-2
798-9
784-5
770-7
756-5
.
p
0-3302
0-2985
0-2812
0-2554
0-2416
0-2281
0-2139
0-1998
0-1848
.
p
6-880
6-917
6-947
6-958
6-957
G-962
6-963
6-948
mm.
1163-0
1052-9
984-6
919-8
888-7
850-7
813-4
784-8
757-3
730-1
713-4
80.
0-2 NaNO3.
620 3 mm.
P
0-4666
0-4109
0-3700
0-3256
0-3020
0-2708
0-2374
0-2096
0-1809
0-1504
0*1305
P
•
4-438
4-640
4-874
5-025
5-151
5-337
5-477
5-582
5-756
5-872
P
mm.
1011-5
913-4
836-2
803-1
779-8
752-7
728-0
82.
0-5 NaNO:t.
552-43 mm.
0-4539
0-3952
0-3394
0-3122
0-2916
0-2661
0-2412
l>
4-869
5-281
5-232
5-342
.V428
5-54S
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TABLE VI1L- Vapour Tension of Water in Kilogrammes per Square Centimetre
for ivhole Degrees Centigrade.
0
 C.
120
119
118
117
116
115
114
113
112
111
110
109
108
107
106
105
104
103
102
101
100
99
98
97
96
95
94
93
92
91
90
Kilogrammes per
Square Centimetre.
2*0275
1-9639
1-9020
1-8417
1-7830 '
1-7258
1-6702
1-6160
1-5633
1-5120
1-4620
1-4135
1-3662
1-3203
1-2757
1-2323
1-1902
1-1492
1-1094
1-0708
1-0333
0-9970
0-9616
0-9273
0-8940
0-8617
0-8303
0-8000
0-7705
0-7420
0-7141
Difference.
...
0*0636
0-0619
0-0603
0-0587
0-0572
0-0556
0-0542
0-0527
0-0513
0-0500
0-0485
0-0473
0-0459
0-0446
0-0434
0-0421
0-0410
0-0398
0-0386
0-0375
0-0363
0-0354
0-0343
0-0333
0-0323
0-0314
0-0303
0-0295
0-02*5
• 0-0276
2nd Difference.
0-0017 i
0-0016
0-0016
0-0015
0-0016
0*0014
0-0015
0-0014
00013
0-0015
0-0012
0-0014
0*0013
0-0012
0-0013
0-0011
0-0012
0-0012
0-0011
00012
O0009
0-0011
0-0010
o-ooio
0-0009
0-0011
0-0008
0-0010
1 0-0009
1
I
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i
TABLE IX.—Example of Use of Elastic Tank.
T = 99-09° C. A = 1 -000 k/ca. Wo = 100 c.c. >2
. j 1 = 2-000 k/c
2
. to = 119-57° G.
0 = 100 Kilogrammes. ^ . = a - A.
° C.
79-79
75-29
70-37
154-94
58-85
51-91
43-73
3:V71
27-63
20-48
18-94
17-20
15-44
13-61
11-67
9-62
7-4-")
511
2-1)6
i"40
2-14
1-88
1-62
1-3-")
1-08
0-82
0-54
0-27
a
k/cL'
10-0
9-0
8-0
7-0
6-0
5-0
4-0
3-0
2-5
2-0
1-9
1-8
1-7
1-6
1-5
1-4
1-3
1*2
11
1-OD
1-08
1-07
1-06
1-05
1-04
1 -03
102
1-01
t
°c.
178-88
174-38
169-46
164-03
157-94
151-00
142-82
132-80
126-72
11957
118-03
116-29
114-53
112-70
110-76
108-71
106-54
10423
101-75
101*49
101-23
100*97
100-71
100-44
100-17
99-91
99-63
99-36
{a -A)
h
W
9-0
8-0
7-0
6-0
5-0
4-0
30
2-0
1-5
10
0-9
0-8
0-7
0-6
0-5
0-4
0-3
0-2
o-i
0-09
0-08
0*07
0-06
0-05
0-04
, 0-03
0-02
001
W
111
12-5
14-3
16-7
20-0
25-0
33-3
50-0
66-7
100-0
1110
125
143
167
200
250
333
500
1000
1110
1250
1430
1670
2000
2500
3330
5000
10000
W(/-T)
886
941
1006
1084
1177
1298
1456
1686
1843
2048
2102
2150
2208
2272
2334
2405
2481
2570
2660
2664
267r>
2688
2705
2700
2700
2730
2700
2700
VOL. XXXIX. PART III. (NO. 18).
